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EDE 
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EPA 
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E W  
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FB 
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GY 
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ecological chemicals of concern 
effecuve dose equivalent 
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U S Environmental Protecuon Agency 
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Ecological Rsk Assessment 
ecological nsk assessment methodology 
Energy Research and Development Admmstrauon 
frachonal uptake 
field blank 
Fugihve Dust Model 
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Feasibhty Study 
Field Samphg Plan 
feet 
feet per day 
square feet 
cubic feet per mmute 
gram 
grams per square centlmeter 
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Gray (d case) 
health and safety 
Health Effects Assessment Summary Tables 
Human Health R s k  Assessment 
hazard mdex 
hgh punty germmum 
hazard quotient 
Htstoncal Release Report 
hollow stem auger 
Hydrologrc SlmUhhOn Program Fortran Version 10 
Interagency Agreement 
Indmdual Hazardous Substance Site 

Ash Pit 1 
Ash Plt 2 
Ash Plt 3 
Ash Pit 4 
Incmerator 

orrglnal Landfill 
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ACRONYMS (Conunued) 

IHSS 133 6 
IHSS 142 10 
IHSS 142 1 1  
IHSS 196 
IHSS 209 
IM 
IRA 
IRIS 

LHSU 
LR 
m 
d S  

mg/l 
m a g  
mPh 

kg 
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intenm measure 
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meter 
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Operable Unit 
Operable Unit No 5 
polynuclear aromatx hydrocarbon 
precision accuracy representatweness completeness and comparabhty 
polychlomated biphenyl 
tetrachloroethene 
picocunes per hter 
picocunes per gram 
potenual chemical of concern 
potenual evapotransprratlon 
parts per mdhon 
polyvinyl chlonde 
quahty assurance 
Quality Assurance Addendum 
quality control 
Radioacuve Ambient Atr Momtonng Program 
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reference dose 
Rocky Flats Environmental Database System 
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Rocky Flats Plant 
reasonable maxlmum exposure 
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seconds 
South Boulder Diversion Canal 
Systematlc Evaluatlon Program 
South Interceptor Ditch 
standard operamg procedure 
semi volatde orgamc compound 
target analyte hst 
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mchloroethene 
toxlc compound hst 
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total effectlve dose equivalent 
tentaavely idenMied compound 
Techcal  Memorandum 
toxlcity reference values 
total suspended soh& 
upper confidence h i t  
upper hydrostratqraphc u t  
UIllfed Sod Classficatlon System 
Umted States Geological Survey 
Upper Tolerance Lunit 
volatde orgamc compound 
Watershed Data Management 
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EXECUTIVE SUMMARY 

Thts report presents the results obmed dunng mplemenuulon of the Work Plan for the Phase I Resource 

Conservmon and Recovery Act (RCRA) Facility InvesugmodRemedial Invesugatron (RFI/RI) of the 

Woman Creek PnontyDramage (Operable Umt No 5 ([OU 51) at the Rocky Flats Envmnmental 

Technology Site (RFETS) formerly known as the Rocky Flats Plant (RFP) Jefferson County Colorado as 

amended Thts mvesugatron is pursuant to a Comphance Agreement among the U S Department of 
Energy (DOE) the U S EnvlroMlental Protecbon Agency @PA) and the Colorado Department of Pubhc 
Health and the Environment (CDPHE) dated July 31 1986 and an Interagency Agreement (IAG) among 

DOE EPA and CDPHE dated January 22 1991 

The purpose of the OU 5 Phase I RFI/RI is to assess the potenual contamumon associated wth the 
h&wdual Hazardous Substance Sites (IHSSs) that are located within the Woman Creek dramage Data 

collected under the field mvesbgahon w o n  of the RFI/RI were used to esumate nsks to human health 
and the enwonment, to begm developmg and screenrng remedud alternatrves and to evaluate the need for 
further studes of the OU 5 IHSSs 

Eleven MSSs geographcally located along or wthm the dramage areas of Woman Creek, have been 
designated as OU 5 These MSSs mclude the Onglnal Landfill (IHSS 115) Ash Pits Former Incurcrator 

Area, and Concrete Wash Pad (MsSs 133 1 tbrough 133 6) Detenuon Ponds C 1 and C 2 (MSSs 142 10 

and 142 11) and a Surface I)lsturbanct (IHSS 209) Ponds C 1 and C 2 arc the only IHSSs located on 
Woman Creek. The re- IHSSs are located along the banks andor upland areas that dram mto 

Woman Creek or mto the South Interceptor mtch (SID) In a u o n  to these MSSs two ad&honal 

surface &sturbancea are bemg invesbgated m the Phase I OU 5 mvesugatbn a Surface I)lsturbance West 
of MSS 209 and a Surface Disturbance South of the Ash Pits See Figure 1 2 

On May 27 1993 EPA and CDPHE notdied DOE that MSS 196 Water Treatment Plant Filter Backwash 
Pond was to be lncludcd m the OU 5 mvesugmon Thrs IHSS was prcwoudy scheduled to be 

mvesugated as part of OU 16 Low ptronty Sites Because of its p r o d t y  to IHSS 115 the mvesugatron 

of IHSS 196 was conducted concurrently with that of IHSS 115 

E S 1  
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The OU 5 Phase I RFI/RI was conducted m two phases of drstlnct field programs The fust program was 

the field mvesugauon specified m the OU 5 Phase I RFI/RI Work Plan This mvesugauon was conducted 
from September 1992 through August 1993 and included as many as four phases of work performed at 

each IHSS Dunng the course of thu investlgauon ten technical memoranda (TMs) were prepared to 

evaluate the data collected under each stage of the invesugatlon and to further defme the actlwtles to be 
performed in subsequent investlgauons 

Upon cornpletlon of the field mvesugauon specified in the OU 5 Phase I RFYRI Work Plan as amended 

by the TMs the data collected under this inveshgatlon were evaluated It was dekmed from U s  

evaluauon that additlonal data were requued to assist in the definiuon of the nature and extent of 

contammauon associated with each IHSS and to collect data requued for the evaluatron of potential 

remedial alternauves for the OU 5 Feasibility Study (FS) Technical Memorandum No 15 (TM15) was 

prepared to document the evaluauon of the data collected d m g  the OU 5 Work Plan mvesugauon and to 

provide an amended Field Samplmg Plan (FSP) "Ius TM enabled the addittonal data requmd to be 
collected under the Phase I RFI/RI for OU 5 rather than proceeding with a Phase I1 RFYRI This 

addmonal field program was conducted from September 1994 through August 1995 

The Phase I RFI/RI Work Plan for OU 5 Woman Creek Pnonty Dramage is a Controlled Document 

avalable for viewmg in the Public Readmg Rooms as specified rn the IAG TM 15 Ameaded Field 
Sampling Plan is mcluded as Volume 111 IV and V of the Phase I RFVRI Work Plan of OU 5 Woman 

Creek Pnonty Dratnage Text to TM15 Amended Field Samplmg Plan (Vol I Text) Text to TM15 

Amended Field Sampling Plan (Vol I1 Text) Text to TM15 Amended Field Samphg Plan (Vol III 
Appendices A G) 

Field invesugauons mdmte that the site physical charactensucs are complex Site meteorologic 

geologic hydrologic and hydrogeologc processes combined mteractively to provlde mechmsms and 
pathways for surface and subsurface consutuents to migrate through the environment For example 

because some upper hydrosaaugraphc mt groundwater pathways discharge to surface water w i b  OU 
5 there is lirmted potenual for mgrmon of volatlle orgmc compounds (VOCs) to offsite locatrons 

The nature and extent of enwonmental contarmnauon witbm OU 5 have been charactenzed through the 

collecuon analysis and assessment of hundreds of samples (Tables 2 lthrough 2 10) of vanous 
enwonmental media Environmental samples were analyzed for a comprehensive sute of chemicals to 
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help charactenze potenual contamtnatlon assmated with waste handlmg and disposal praChCeS conducted 

dunng the operamg hstory of the Site The OU 5 data assessment process mcludmg ngorous data 

vahdmon was deslgned to be conservatwe to ensure a comprehensive understanhg of potenUaI 

Contamrnatlon wndmons m OU 5 

The results of the OU 5 data assessment mdicated the presence of potenual chemcals of concern (PCOCs) 
m surface sod subsurface soil groundwater pond seep and stream water and pond, seep and stream 

sehments PCOCs idenMied m one or more of these enmnmental h a  include VOCs strm volatile 

orgamc compounds (SVOCs) polychlo~ated biphenyls (PCBs)/pesdades metals and other 

nonradioacttve morgamc consutuents and rdonuchdes The llst of PCOCs for each medllllll was then 
screened usmg risk based and other screemg methods to identlfy chemcals of concern (COCs) for both 

the Human Health fisk Assessment (HHRA) and the Ecologcal fisk Assessment (ERA) COCs wcrt 

identrfied as the chemcals m each medrum that were hkely to conmbutc at least one percent of o d  
nsk. For the HHRA COCs were selected on an OU wide basts for the ccologrcal nsk assesmcnt (ERA) 

the COCs were idenafied for the Woman Creek watershed In groundwatet and surface water nWab and 

rdonuchdes are the pnmary COCs however m secp water the COCs am all VOCs The COC s in 

surface soil and subsurface soil lnclude urmum isotopes several metals polynuclear mmahc 
hydrocarbons (PAHs) and PCBs The COC s identlfied m stream and pond sediments are mbonuclides 
and metals Table 625 m Sectlon 6 presents the COCs identlfied for OU 5 

The presence of COCs m all maha is a result of hlstorrcal releases to the cnwronment. Under the 
hydrogeochellltcal con&tmns of OU 5 metals and radronuclrdes are not expected to be very mobile ma the 

groundwatapathway Howcvcr storm water nmoff may a a n s p o r t c m  sodo to surface waten 

wth subsequent transpt to downstream neeptofs The presence of COCs in stream, seep and pond 

sedments 1s likely arcsuitof surface watcr tnmsport of contarmnatedsurfaa sods to Woman Creek 
Fugiuve dust emumom fiom OU 5 surface sods and dry sed~ments may contnbutc contaminated 

pamculates to future onslte receptors Exposure to suburface soils by future omtc amstrumon workers 

may result in co~ltammant tnhaimon and lngeshon Numencal modelmg was used to examine the 

nugraon of COCs dong pathways m groundwater surface water and au The numerical models 
prowded COC concentmuon tables for the HHRA 

The OU 5 HHRA mdcate that there are eShmated health nsks and annual radiatton dose8 for current and 

future onsite receptors as a result of uuhrect or duect exposure from sourax m OU 5 The following 
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exposure scenanos were evaluated a current mdustnal worker (security guard) a future lndustnaUoffice 

worker a future ecologcal researcher a future open space recreattonal user and a future construcuon 

worker Future onsite residenual receptors were not considered in the "RA because future land use plans 

do not include residenual use It was detennrned dunng HHRA negouauons with the regulatory agencies 

that health nsks to offsite receptors would not be addressed on an OU specific basis but on a sitewde 

basis 

October I995 I 

For the "RA exposure media that were evaluated rncluded surface soil subsurface soil outdoor and 

mdoor au stream seep and pond water and stream seep and pond sechments Groundwater was not 

evaluated as an exposure pathway because there are no current or future receptors 

R~sks were evaluated for three Areas of  Concern (AOCs) AOC No 1 is the Ongrnal L d i  (IHSS 

115/196 Source Area) AOC No 2 mcludes the Ash Pits (IHSS 133 Source Area) AOC No 3 mcludes 

the SID Ponds C 1 and C 2 Source Areas and the Woman Creek. See Figure 6 1 

The nsk charactenzatton process combmes average and reasonable maxtmum estunates of exposure with 

upperbound esttmates of toxtcity to yield conservative (protective) esmates of health mk. Esttmates of 

health nsk for average (central tendency or CT) and reasonable maxrmum exposure (RME) comhtions are 

provided so that nsk management decisions can be based on a range of  potential nsks for ddferent 

exposure scenanos 

The followmg are the major conclusions of the HHRA 

AOCl CumulaUve hazard mchces (HIS) were below 1 and RME cancer nsk 
esumates were 3E-05 or below for all receptors The maxmum cancer nsk 
estimate of 3E-05 is for both the current worker (secunty guard) and the future 
office worker Thrs nsk is sull w i h  EPA s acceptable risk range of IE 06 to 
1E-04 External madmUon due to exposure of urmum 238 m surface sod is the 
pfllnary conmbutor to h s  esumak of cancer nsk 

AOC2 CumulaUve HIS were below 1 and RME cancer m k  estunates were 4E-06 
or below for all receptors The maxlmum cancer nsk esttmate of 4E 06 is for both 
the current worker (secunty guard) and the future office worker Tius nsk is at 
the low end of EPA s acceptable nsk range of  1E 06 to 1E 04 External madmuon 
due to exposure of urmum 238 in surface soil is the pnmary conmbutor to th~s 
estimate o f  cancer nsk 
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AOC3 cumarlattve HIS were below 1 and the RME cancer nsk tgtmates were 
below EPA s pomt of dep- of 1E 06 for both receptors These results 
md~cate that no adverse noncarcmogemc health hazards and negligble caneex nsk 
are expected for all receptors evaluated 

The ERA for Woman Creek was conducted for aqumc and terrestnal biota exposed to contammanu m 
OUs 1 2 and 5 Assessment of ecolog~cal nsks was based on evaluatmg exposure of biologml receptors 

to PCOCs m designated ERA source areas Source areas mclude mdmdual or groups of IHSSs WIW an 

OU and were based on abiotlc and biotlc samplmg locahons m and around MSSs A prelrrmnaty exposun 
and nsk calcdmon was conducted for PCOCs m source areas The analysis was conducted to estlmate the 

contnbutlon of each PCOC and each source area to overall nsk 1 ~ .  the watershed. Ecolog~cal chemcals of 

concern (ECOCs) were idenWied from prellmlnary nsk calculations and evaluated M e r  m risk 

charac tematlon 

Ecotoxlcological nsk to temstnal receptors m OU 5 was mmmal Concentratrons (aChvIhes) of uramum 

233/234 and urmum 238 m soils exceeded the nsk based screenmg cnteria developed for the Site 
However the cntena were exceeded m only two locmons both of whlch arc rn the Old Landfill source 

area and whch represent a neghgIble portion of habitat m the watershed Maximum c o n c c n ~ o n s  of 
rdonuchdes m small mammals were not associated unth levels that ex& the benchmarks for safe 

rad~olog~cal doses Thus nsk from exposure to rdonuclrdes appears to be m a l  

The scrcemg level assessment also m&cated that concentrmons of mercury antrmony and Aroclor 1254 

could represent nsks to aquatic feedmg birds if they acquued all of thev food h m  the SID P o d  C 1 and 

segments of Woman Creek However ~t IS unltkely that buds would spend all of the me m the aman of 
mncem, because thc sin: and qual~ty of habitat m these areas is mahpate to support tbea nee&. 

The results OftheHHRA and the ERA support the conclusions that environmental contamination WIW 

OU 5 does not pose a threat to public health OT the enwonment under the evaluated expos\pre scenarios 

and that remediUoll of cnvhmcntal media to address nsk to public health and the environment is not 
Warranted 
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1 0  INTRODUCTION 

This report presents the results obtiuned durmg implementauon of the Work Plan (DOE 1992a) for the 

Phase I Resource Conservation and Recovery Act (RCRA) Facility Invesugauodtemedial Investtgatlon 

oIFI/RI) of the Woman Creek Pnonty Driunage (Operable Unit No 5 [OU 51) at the Rocky Flats 

Envronmental Technology Site (RFETS) formerly known as the Rocky Flats Plant (RFP) Jefferson 

County Colorado as amended (DOE 1992a, 1994a) This investlgatton is pursuant to a Compliance 

Agreement among the U S Department of Energy (DOE) the U S Envmnmentai Protectton Agency 

@PA) and the Colorado Departmentzf Public Health and the Envlronment (CDPHE) dated July 31 1986 

and an Interagency Agreement (IAG) among DOE EPA and CDPHE dated January 22 1991 The IAG 

addresses RCRA and Comprehensive Enwonmental Response Compensauon and Liability Act 

(CERCLA) issues and has been mtegrated w~th DOE s Enwonmental Restorauon (ER) Program 
(IAG 1991) 

1 1  PURPOSE OF PROJECT 

The purpose of the OU 5 Phase I RFVRI is to assess the potenual contamtnahon associated with the 

Indwidual Hazardous Substance Sites (IHSSs) that are located wittun the Woman Creek dramage The 

data collected under the field investlgatlon poruon of the RFI/RI are used to esmate nsks to human 

health and the envronment begm developing and screenmg remehal altemauves and to evaluate the 

need for further studles of the OU 5 IHSSs 

1 2  BACKGROUND 

1 2 1  Plant Operations 

The site (Figure 1 1) is a government-owned and convactor operated facihty that IS part oa ,e 

natlonwide nuclear weapons productlon complex RFP was operated for the U S Atomc Energy 

Comrmssion (AEC) from construcbon m 195 1 unul the AEC was dissolved m January 1975 At that ume 

responsibihty for the RFP was assigned to the Energy Research and Development Admuustratlon (ERDA) 

which was succeeded by the DOE in 1977 Dow Chemcal USA an opcratlng unrt of  the DOW chermcal 

Company was the pnme operaung contractor of the facility from 1951 untd June 30 1975 Rockwell 

1-1 



RocX?, Fiats Environmental Technologv Site 
FtnaI Draft-Phase I RFI/RI Repon Operable Unit 5 October 1995 

Intemauonal succeeded Dow Chermcal USA from July 1 1975 to January 1 1990 when EG&G Rocky 

Flats Inc succeeded Rockwell Intemauonal On July 1 1995 Kaser Hill LLC succeeded EG&G Rocky 

Flats Inc as the pnme operatmg contractor 

Currently the pnmary rmssion at the Site is  envlronmental restormon The name was changed from RFP 

to Rocky Flats Environmental Technology Site III September 1994 Histoncally the pnmary mssion 

was to produce metal components for nuclear weapons These components were fabncated from 

plutonium uranium and nonradoactlve metals pnncipally beryllium and stamless steel Metal 
components were shpped elsewhere for fmal assembly When nuclear weapons were d e t e m e d  to be 

obsolete components of the weapons were returned for special processing to recover plutomum and 

americium Other actlvitles included research and development in metallurgy machmng nondestruchve 

testlng coatlngs remote engmeermg chermstry and physics Both radioactlve and nonrdoactwe wastes 
have been and are generated in these research and productton processes Current waste handlmg pracuces 

mvolve onsite and offsite recycling of hazardous matenals onsite storage of hazardous and radioactwe 
mxed wastes and disposal of solid radioacuve materials at other DOE faclliues However hstoncally 

the site operang procedures mcluded both onsite storage and disposal of hazardous and raoacuve 

wastes 

1 2 2  OU 5 (Woman Creek) 

Eleven IHSSs geographcally located along or wittun the dramage areas of Woman Creek (Figure 1 2) 

have been designated as OW 5 These IHSSs include the Ongmal Landfill (IHSS 115) Ash Pits 

hcmerator and Concrete Wash Pad (IHSSs 133 1 through 133 6) Detenuon Ponds C 1 and C 2 
(IHSSs 142 10 and 142 11) and a Surface Dlsturbance (IHSS 209) Ponds C 1 and C 2 are the only 

IHSSs located on Woman Creek The remammg MSSs are located along the banks and/or upland areas 
that dram into Woman Creek or mto the South Interceptor Jhtch (SID) In addiuon to these IHSSs two 

addtlonal surface disturbances are bemg mvesttgated in the Phase I OU 5 invesugauon a Surface 

Disturbance West of IHSS 209 and a Surface hsturbance South of the Ash Pits 

In 1980 the SID (Figure 1 7) was constructed upslope (to the n o d )  of Woman Creek to intercept surface 

water run off from the southern poruon of the Indusmahzed Area, and more specfically from the 
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881 Hillside The SID begm near the east end of an Ash Pit (IHSS 133 2) parallels the creek cuts 

through the toe of the Origmal Landfill (IHSS 115) and conunues below the 881 H h d e  French Dram 

The SID crosses under the Woman Creek Diversion Ditch then empues mto Pond C 2 A berm was 

constructed on the downslope side of the SID to c o n m  the water flowing into the ditch The construchon 
of the SID through the toe of the Ongmal Landfill has conmbuted to the formatlon of slump features that 

are apparent withm that area 

On May 27 1993 EPA and CDPHE noufied DOE that IHSS 196 Water Treatment Plant Filter Bachvash 

Pond was to be mcluded in the OU 5 mvesugauon Th~s IHSS was prewowly scheduled to be 
mvesugated as part of OU 16 Low Prionty Sites Because of its prommy to IHSS 115 the invesugatlon 
of IHSS 196 was conducted concurrently with that of IHSS 115 

1 2 2 1 OU 5 IHSS Descriptions and Histones 

The following secuom desmbe the locauons physical features and hstones of each of the OU 5 MSSs 

These Cllscussions are pnmmly based on the mformatlon provided IXI the OW 5 Work Plan (DOE 1 m )  

and addiuonal information that was obtamed dunng the course of the mvestlgatron of the IHSSs and that 

provide further deml regardmg the locauon descnpuon and history of the IHSSs 

115 196 The otlglnal Landfill is located 
withm the buffer zone just south of the site mdsmalized area and south of the west access road 

(Figure 1 3) It is located nortb of Woman Creek on a moderately to steeply slopmg south facmg lullside 

The Original Landfill was m operauon from 1952 to 1968 and was used to drspose of general wastes 

generated at the Site It is esumated that 2 mllion cubic feet of miscellaneous Site wastes are burred m the 
landfill includmg such thmgs as solvents pmts  pamt thinners oil pesbcides cleaners (Rockwell 1988) 

construcuon related debns waste metal and glass These wastes were not considered hazardous pnor to 

1968 when they were placed m the landfill The landfXl also received berylhum and/or urmum wastes 
and used graphtte It has been reported that ash contanmg an estrmated 20 lalograms (kg) of depleted 

urmum (DOE 1986) produced when 60 kg of depleted urmum were tnadvertently burned and only 
40 kg were recovered was buned wittun the landfill Chemcals that may have been placed m th~s Iandfill 
mclude commonly used solvents such as tnchloroethene (TCE) carbon teaachlonde teuachloroethene 
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(PCE) petroleum disttllates 1 1 1 mchloroethane (1 1 1 TCA) dichloromethane @CM) benzene pamt 

and pamt thlnners Metals such as beryllium urmum lead and chromum may also be present 

(Rockwell 1988) Accurate records of any further wastes placed in this landfill are not avlulable 

IHSS 196 an evaporauodsettlmg pond that was used for backflushmg sand filters from the water 

treatment facility (Building 124) was located withm the boundanes of the Ongmal Landfill near the 

western edge (Figure 1 3) It appears that a second pond (wsible m a 1955 aenal photograph 111 the 

approximate locauon of the SID) was constructed but by 1964 h s  pond was no longer present and the 

area had been covered by fill (DOE 1992a) 

By 1980 the SID had been built across the Southern part of the landfill Several other actlvihes at the 

landfill are apparent from aenal photographs of the area presented in EPA (1988a) A1964 aenal 

photograph shows an acttve area of surface disturbance east of the landfill Lmle documented histoncal 

mformauon is avdable concemg h s  area however this area may have served as a storage yard for 

pipes and scrap metal In addmon soil appears to have been placed 111 h s  area as substantml mounds of 

d e b s  are noted m h s  area, as shown m 1969 and 1971 aerial photographs (EPA 1988a) 

The landfill was closed with a soil cover however a bottom h e r  was not installed Dews of the 

construcuon of the surface cover are not avadable nor is the year the cover was tnstalled The slope on 

the south side of the landfill was regraded to correct sloughmg and erosion related problems 

Two storm sewer pipes protrude from the landfill area (Figure 1 3) The west pipe is no longer connected 

to a dramage system The pipe wluch cuts diagonally across the landfill from west to east, appears to be 

connected to storm drams and possibly to foundation drams m the 400 Area (Secuon 2 4 5) "hM pipe 

discharges to the SID just east of the surface disturbance east of the landfill 

fi The Former Inctnerator Area, Ash 

Pits and Concrete Wash Pad are located south southwest of the mdusmal1zed area of the site south of the 

west access road and north of Woman Creek (Figure 1 4) The locat~ons of these MSSs are defined from 

hlstonc aenal photographs The Former Incmeratm which had a 10 to 20-foot stack, was located along 

the ongmal western boundary of the site off the west access road Ash Pits 1 2 3 4 (EISSs 133 1 133 2 

133 3 133 4) and ume domam electromagnetlc area (TDEM) 1 and TDEM 2 are approxrmately 20feet a 
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(ft) wide by 150 ft long and 8 18 ft deep Two additmal ash pits were idenufkd and are referred to as 

TDEM 1 and TDEM 2 m h s  report The Ash Pits are located on a relauvely flat surface and are currently 

covered by tall grasses 

The Former Incinerator Area (IHSS 133 5) occupies approximately 4 OOO square feet (ft') and the Concrete 

Wash Pad (IHSS 133 6) covers an area of about 33 000 ft2 These two IHSSs are located west of the four 
original Ash Pits The area surrounding the Concrete Wash Pad has an extremely imgular hummocky 

surface that slopes gently to the south toward Woman Creek 

The Incmerator was used to burn general site wastes between the 1950s and 1968 Depleted urmum is 

also believed to have been burned m the Incmerator (Rockwell 1988) A rewew of aenal photographs 

revealed that the Incmerator was removed by 1971 and the enure area was beguuung to revegetate 

(EPA 1988a) Ashes from the Incinerator were placed mto the Ash Pits or were pushed over the side of 

the hll into the Woman Creek dramage andor onto the Concrete Wash Pad (Rockwell 1988) Fotlowmg 

the shutdown of the Incmrator after 1968 the Ash Pits were covered with fill (Rockwell 1988) however 

mnformmon about the matenal used in the construchon of the cover IS unavatlable 

The hstory of the Concrete Wash Pad has not been as well documented as the Ash plts or Former 
Incmerator area. It appears that h s  area was used to dispose of waste concrete from the concrete mcks 

lnvolved m the construcuon achvihes of the site It is also likely that the concrete trucks were washed 

down m th~s area after dehvermg concrete 

The hstones of the Ash Pits Incmerator and Concrete Wash Pad are not enbrely known because few 

records were kept of therr operaons It is known however that general combusuble wastes from the site 

were burned m the Incmerator along wth an esmated 100 grams of depleted urmum (Owen and 

Steward 1973) whch were dsposed of mto the ash pits and 60 kg was bunred of which 20 kg was 
disposed mto the onglnal landfill The ashes from the Incmerator were d~sposed in the Ash plts At the 

Concrete Wash Pad, potenually contammated matenals consist of concrete debns and small amounts of 
ash from the Incmerator that were reported to have been pushed over the side of the lull onto the Concrete 

Wash Pad area (Rockwell 1988) 
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A rayscope survey (an unknown type of survey) was conducted over Ash Pit 3 (IHSS 133 3) pnor to 1973 

and the results of th~s survey detected metals (type unknown) (DOE 1987) No documentatton exists as to 
whether the other Ash Pits (IHSSs 133 1 133 2 and 133 4) had a rayscope survey done over their 
surfaces 

147 W 11 fC P a  Ponds C 1 (IHSS 142 10) and C 2 (IHSS 142 11) are located along 

Woman Creek southeast of the industnalized area of the site and w i h  the Buffer Zone (Figure 1 2) 

These ponds are approximately 2 OOO ft apart with Pond C 1 to the west of Pond C 2 The eshmated 
capaciues for Ponds C 1 and C 2 are approximately 5 acre feet (ac ft) and 69 8 ac ft, respechvely 

The natural dramage of Woman Creek has been somewhat modified m the OU 5 area by the construction 

of Ponds C 1 and C 2 and the SID south of the mdustnal area. Currently Woman Creek flows eastward 
through OU 5 in its natural stream channel to Pond C 1 (Figure 1 2) Filter backwash water from the water 

treatment facility was discharged m Pond C 1 between the site start up m 1952 and December 21 1973 

(DOE 1980) In addmon the cooling tower blowdown water was discharged to Pond C 1 untd the latter 

part of 1974 In the early 1970s the site opermons were changed and Pond C 1 was used pnncipally to 

manage the surface water runoff in the Woman Creek dramage Water is rarely retamed withm thrs pond 

because the outlet or gate is usually open and the water is allowed to flow through the pond The water 
consequently flows m its ~ tu ra l  channel unhl pst west of Pond C 2 where it is diverted around Pond C 2 
by a diversion canal D m g  low flows downgradient and to the east of Pond C 2 all of the water is 
diverted from Woman Creeks m a  channel into an unnamed ditch that flows mto Mower Reservoir 

Ourrng hgh flows some flow conmues to flow downstream in Woman Creek and lnto Standley Lake 

Reservolr 

In 1980 the SID was constructed upslope (to the north) of Woman Creek (Figure 1 2) to intercept surface 

runoff from the site A berm was constructed on the downslope side of the SID to contam the water 
flowing 111 this &tch Smce construchon of the SID m 1980 Woman Creek has not received runoff 
directly from the southern part of the site Surface water flow in the SID is mterxxuttent and usually occurs 

only followmg precipimon events or snow melt. When flow is low water tends to pond in seweral areas 

of the ditch The SID begins approximately 200 ft east of the Ash Pits and m s  for almost two rmles to 

Pond C 2 (Figure 1 2) The SID IS approximately 4 to 8 ft in depth and is not lmed Just upslope of Pond 
C 2 the water flowmg ~fl the SID crosses over Woman Creek and flows into Pond C 2 In Pond C 2 the 
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water is sampled analyzed and dmharged into the Broomfield Diversion Ditch that diverts water around 

Great Western Reservoir according to a Nmonal Pollutant Discharge Elimnauon System (NPDES) 

agreement (Pemt  No CO 0001333) 

1 Three separate surface dsturbances are descnbed in thrs 

secuon (1) IHSS 209 (2) the Surface Disturbance West of IHSS 209 and (3) the Surface Disturbance 

South of the Ash Pits IHSS 209 is located to the southeast of the site indusmalized area, south of Woman 

Creek and approximately 1 OOO ft southeast of Pond C 1 (IHSS 142 10) (Figure 1 5) Th~s area was 

mcluded as an IHSS because unknown acuviues took place m h s  area of shallow excavauons and surface 

disturbances (DOE 1992a) IHSS 209 covers approxlmately 225 OOO ft2 (5 2 acres) and is located on a 

long nmow plateau bounded to the north east, and south by a slope leadmg mto the Woman Creek 

dramage A dirt road transects this IHSS and loops near the eastern boundary Three excavauons are 

located within the boundary of h s  IHSS Two depressions w h c h  penodically retam water are present 

near the northern and southwestern boundary of the IHSS 

A second surface &sturbance the Surface I)lsturbance West of IHSS 209 located approximately 1 500 ft 

west of IHSS 209 is also included in the OU 5 mvestigauon The area consists of several small dsturbed 

areas in a somewhat symmemc arrangement (Figure 1 5) This disturbance covers an area of 

approxlmately 62 500 ft2 (approxlmately 1 4 acres) 

A thlrd surface disturbance area the Surface Dsturbance South of the Ash plts is also bemg mveshgated 

under the OU 5 RFVRI Ttus area 1b located 1 200 fk south of IHSS 133 and south of Woman Creek. This 

area consists of several former excavauon areas (Figure 1 6) These surface disturbances were idenufied 

m aenal photographs taken between 1955 and 1988 (see EPA 1988a) There is stdl surface evidence of 

some of these disturbances Two former excavauons trend along northeast southwest axes Each 

excavauon is approxlmately 30 A wide by 400 ft long A thtrd area is located northeast of the parallel 

excavauons and a fourth excavauon (3 ft wide by apprommately 2 !I deep) is located to the southwest 
This excavauon trends in a north south duecuon across the plateau An addmonal &sturbed area is 

approximately 150 ft wide by 600 fk long and is located upslope (southwest) from the other dsturbances 
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It is not known what actlvity or actlwues may have taken place at IHSS 209 or at the other surface 

disturbances However the hme penod rn which these areas were disturbed has been esumated from aenal 

photographs (EPA 1988a) 

IHSS 209 fust appears as a disturbed area seen in a 1955 aenal photograph (EPA 1988a) The ground was 

disturbed both west and east of the dut road however no obvious features or equipment can be seen in the 

photo By 1961 three excavauons exlsted withm thts IHSS The depression located near the Southwestern 

boundary of thts IHSS appears as a pond in 1980 1983 and 1988 aenal photographs ( P A  1988a) A 

1980 aenal photograph also reveals that the western half of the IHSS was b e g m g  to revegetate By 
1988 the only recognizable features on or near th~s surface disturbance were the presence of the eastern 

most excavahon and the pond located near the northern boundary of thts IHSS (Figure 1 5) 

The OU 5 Work Plan stated that the Surface Disturbance West of IHSS 209 appears to have been the 

locauon of a radio tower installatlon based on the geometry of the five &sturbances at thls site This 

surface disturbance was observed m a 1955 aenal photograph and was shll evident on photographs 

unul about 197 1 when the area started revegetaung A radro tower however was never viewed m the 

aenal photographs 

The east excavatlon area was the first area to be noted as acuve in the Surface I)lsturbance South of the 

Ash Pits This was observed in a 1955 aenal photograph The two parallel excavauons became aChVe 

prior to 1978 and they are visible in a 1978 photo (EPA 1988a) After 1983 the excavated areas started 

to revegetate The west area located approximately 400 ft southwest of the parallel excavahm became 
acuve prior to 1969 (EPA 1988a) and is now baclglled with large rocks It is not known when these 

rocks were placed 

1 2 3  Other Investigations 

To the extent they are applicable the results of other the site mvesugahons were mcorporated mto ths 

investigatlon The scope of these other mvesugahons is bnefly descnbed in the followmg secuons 
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1 2 3 1 Sitewide Geological Characterization 

The Sitewide Geoscience Charactenzauon Study was performed to complle and integrate all avrulable 

tnformauon in order to develop a conceptual model of the geologic hydrogeologic and geochemcal 

condiuons at the site The results of thu study were documented 111 three reports the Geologic 

Charactenzauon Report (EG&G 1995a) the Hydrogeologc Charactenzauon Report (EG&G 1995b) and 

the Groundwater Geochermstry Report (EG&G 199%) The informahon presented m these reports was 

integrated mto the discussions of  the geology and hdyrogeology of  OU 5 presented 111 Chapter 3 0 

1 2 3 2 Sitewide Background Geochemical Characterization 

The IAG requred DOE to conduct a background study to establish representatlve background 

concentrauons for vanous envvonmental medfa and to prepare background study reports periodnlly to 

document the results of  thu study The 1993 Background Geochemcal Charactenzatlon Report (BGCR) 

(DOE 1993a) presents the final results of this program and provldes background data for surface water 

sedtments groundwater and borehole matenals These data are necessary to support RFI/RIs as well as 

RCRA intenm measures (IMs) and CERCLA intenm remedial acuons (IRAs) 0 
Analyucal results for samples collected under the OU 5 RFI/RI were compared to the background data 

provlded m the 1993 BGCR to d e t e m e  whether or not the concentrahons detected 111 OU 5 

enwronmental media staustlcally exceeded those of  background Sectlon 4 2 discusses the methodology 

used for this companson 

1 2 3 3 Sitewide Surface Water Studies 

Several studtes have been or conunue to be conducted perming to analyses of surface water stream 

sedtments and pond &menu in the Woman Creek dramage and Ponds C 1 and C 2 The hstoncal data 

for these media were evaluated in T e c h c a l  Memorandum No 1 (TM1) to asslst m the deslgn of a 

monitonng network for the OU 5 Phase I RFI/RI (DOE 1993b also see Sectmn 1 3 2 1) and were also 

used to detemne the nature and extent of  contarmnauon withm the Woman Creek dramage The surface 

water and sediment invesugatlons and associated results are descnbed in detad in Appendix A and are 
discussed 111 the applicable secuons of  Chapters 2 0 3 0 and 4 0 
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1 2 3 4 Sitewide Groundwater Characterization 

Pnor to the OU 5 Phase I RFIM field mvesugattons a total of 64 alluvial and bedrock wells exrsted m the 

vicinity of the Woman Creek dramage Many of these wells have been or conmue to be sampled as part 

of the sitewide groundwater momtonng program or for the invesugatton of other operable wts (OUs) m 
the vicimty of OU 5 In addiuon water levels are rouunely measured in most of  these wells To the extent 

that the data from these wells met the quality requlrements of the OU 5 RFYRI they were mcorporated 

mto this mvesugauon Appendix A prowdes a discussion of the avatlable lustoncal data from these wells 

These data are also discussed where appropnate m the Chapters 2 0 3 0 and 4 0 

1 3 SUMMARY OF PHASE I RFVRl WORK PLAN AND TECHNICAL MEMORANDA 

The Phase I RFI/RI Work Plan for OU 5 presents a Field Samplmg Plan (FSP) that defrnes a staged 

approach to mvesugatmg each IHSS The Work Plan outlines the use of an Observattonal Approach to 

achieve the ObjeCUVeS of the m/RI ' h s  techntque provides for conunually reassessing site COndItrOnS 

as addibonal data are obmned Samphg plans for subsequent stages of investtgaUon are formulated to 

build on exismg informauon These samplmg plans are submitted as TMs to EPA and CDPHE for revlew 

pnor to tmplementmon The OU 5 Work Plan contams rune TMs to be prepared to outlm samphng plans 

for mvesugauons of the OU 5 IHSSs and four TMs be prepared to discuss Human Health fisk Assessment 

(HHRA) acuviues A total of eleven TMs were prepared to descnbe planned fEld rnvestlgauons dunng 

the implementauon of the Phase I FSP at OU 5 (TMs 1 10 and 15) Three T M s  were also prepared to 

descnbe specific phases of the "RA The following paragraphs summanze the FSP outlmed by the OU 
5 Work Plan and as amended by each of the TMs as well as the scope of the TMs prepared for the HHRA 

1 4 ENVIRONMENTAL EVALUATION 

The ecological nsk assessment (ERA) poruon of the baselme nsk assessment was completed as part of an 
overall ERA conducted for the Walnut Creek and Woman Creek watershed The complete ERA report for 

both watersheds is presented 111 Appenhx N An overwew of the scope approach results and conclusions 

for the Woman Creek watershed is presented m Secuon 7 0 
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1 4 1  Phase I RFURl Work Plan for OU 5 (Woman Creek) 

The OU 5 Work Plan identlfied site specific data needs based on prelimmary identlficatton of 

contmnants potenually present at each IHSS m addition to the data needs for the Phase I Baselme h s k  

Assessment and Environmental Evaluation The FSP presented m the OU 5 Work Plan was based on these 

data needs and the reqwrements of the IAG between DOE EPA and CDPHE The FSP for each IHSS 

requlred a combmauon of screenmg actlvitles sampling of soils se&ments and surface water and well 
rnstallauon and sampling Table 1 1A is a matnx showmg the IAG requlred tasks and how these tasks 

were implemented as defined m the OU 5 Work Plan as amended by the TMs Table 1 1B 1s a m a v ~ r  

showmg TM15 requlred tasks and Document Modificaaon Requests (DMRs) to the FSP 

Stage 1 actlvitles at each IHSS consisted pnmarily of the rewew of extstmg data, such as the results of 

previous investlgatlons aenal photographs and other hstoncal documents Stage 2 acuviues were 

screenmg actrviues that mcluded rdological geophysical and soil gas surveys Samplmg of surface and 

subsurface soils were the predormnant Stage 3 acuviues and Stage 4 acuviues were pnmanly associated 

with groundwater invesugahons If other acuvittes were to be performed that did not fall mto Stages 1 to 
4 these actmtles were conducted under Stage 5 The site specific FSPs outlmed m the OU 5 Work Plan 
are bnefly summanzed below 

196 Renew and screerung acuvihes 

specified for the Ongmal Landfill mcludmg the area of IHSS 196 consisted of a review of a gamma 

radiauon survey completed m 1990 review of aenal photographs and compleuon of a soil gas survey and 

geophysical surveys Samplmg idenufied mcluded surface soil samplmg subsurface sod samplmg in 

bonngs and sedment and surface water samplmg adjacent to the IHSS The OU 5 Work Plan also 

specified that cone penetrometer tesmg (CPT) and Bengt Arne Tortensson (BAT@) samplrng be 
performed and wells be mstalled and sampled downgradient of the IHSS and m selected soil bormgs if 

plumes were encountered Addiuonally pipes protrudmg from the landfill were to be mvestlgated and if 

present effluent sampled The OU 5 Work Plan specified that TMs be prepared to present site specific 

FSPs for the soil gas survey geophysical surveys surface soil samplmg CPT and morutonng well 

installatlon and samplmg 
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S 133.1 6 C4shpits 1 4. WashPad) Tasks specified by the FSP for the 

IHSS 133 sites included a revlew of  aerial photographs and radiological and geophysical surveys to 

identify the extent of these IHSS sites Sampling activities specified included surface soil sampling 

subsurface soil samplmg in bormgs and mstallatlon and samplmg of wells The preparauon of TMs was 

specified for the geophysical surveys surface soil sampling subsurface soil sampling and momtomg 

well installatxon and sampling 

I&S 142 (C PQ&) Actlvities specified by the FSP for IHSS 142 10 (C 1 Pond) and IHSS 142 11 (C 2 

Pond) included a review of exlsung data collected by ongoing monitonng actlvitles to assess potenual 

overlap between the ongomg programs and the proposed OU 5 specific program Conungent upon the 

results of  the review of ongomg monitonng programs the FSP also specified that surface water and 

sediment samples be collected from the ponds Woman Creek and the SJD In adchon momtormg wells 

were to be mstalled and sampled downgradient of each pond 

3n9, 

1 Screenmg acuvibes to be conducted at these sites 

included reviews of histoncal use informauon pemmng to these sites visual mpecbons and r&ological 

surveys Samplmg actlvitles specified by the FSP included surface soil samplmg from the excavahons 

present at each site subsurface soil samplmg ffom bonngs and collecuon o f  sedrment and/or surface 

water samples from each of the former pond areas at IHSS 209 

The FSP defmed in the OU 5 Work Plan was amended by ten T M s  at vmous stages dmng the field 

mvesugauon As is discussed ln deml below the scope of each TM does not agree m all cases with that 

described 111 the Work Plan Because some of the actlwttes to be described in the TMs specified by the 

Work Plan were sirmlar a slngle TM to address the same acuvity at more than one IHSS was prepared 

rather than prepanng indimdual TMs for each IHSS In addiuon dmng the course of mvesugaung each 

IHSS it became apparent that the scope of subsequent Work Plan actlviues was not appropnate or 

adequate thus necessitatmg the preparatlon of  addmonal TMs Sirmlarly the scope of  several field 

mvestigauon actlvittes was clanfied in letters submtted to EPA and CDPHE pnor to implemenung these 

acuvitles These letters were prepared for actlvitles where the Work Plan did not requlre a TM but 

addmonal defmuon or clanficauon o f  the scope o f  the acuvity was necessary The scope of each TM and 

letter prepared dmng the implementatlon of  the Phase I RFI/RI is summanzed below 
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1 4 2  Addenda to the Phase I RFVRl Work Plan 

1 4 2 1 Technical Memorandum 1 Revised Network Design (Surface Water and 
Sediment) 

TM1 (DOE 1993b) documented the results of the review and assessment o f  ongoing surface water and 

sehment momtonng programs discussed under IHSS 142 above Based upon h s  assessment of  the 

ongomg programs rh~s TM provlded an amended FSP for the collecuon and analysis of  surface water and 

sehment samples from the C 1 and C 2 Ponds Woman Creek and its mbutanes and the SID In addmon 

to addressmg sampling acuviues for the ponds th~s TM also addressed surface water and sehment 

samplrng acuvihes for all other OU 5 IHSSs This TM also specified the installatton of shallow well 

pomts along Woman Creek to augment ongoing groundwater/surface water mteracuon stuhes The 

samplmg and momtonng programs defmed by this TM are summanzed IIJ Secuon 2 2 3 3 

1 4 2 2 Technical Memorandum 2 Surface Geophysical Surveys (Orlginal Landfill and 
Ash Pits) 

TM2 (DOE 1992b) descnbed the approach for p e r f o m g  magneuc and electromagneuc (EM) surveys at 

IHSS 115 and the IHSS 133 sites Due to simlanues m these surveys at both IHSSs one TM was 

prepared to desmbe these surveys rarher than the two TMs idenufied m the Work Plan Thrs TM 
documented the results of  the rewew of the 1990 rdological survey of  IHSS 1 IS and reviews o f  exsung 

mformauon mcludmg aenal photographs for both IHSS 115 and the MSS 133 sites It also provided the 

detatls of the procedures to be followed for p e r f o m g  geophysical surveys at both IHSSs The 

methodology for and results of  these surveys are summanzed in Secuons 2 2 1 2 and 2 2 2 2 

1 4 2 3 Technical Memorandum 3 Surface-Soil Sampling Plan (Original Landfill) 

TM3 (DOE 1993c) presented the samplmg and analyttcal program for surface soils withm IHSS 115 The 

samplmg and analyt~cal program defined IIJ th~s TM consisted of collecuon of  samples for analysis 

of radronuchdes from anomalies tdenufied by the 1990 radiological survey of IHSS 115 and collecuon 

of samples for analyses of  chemcals and radionuclides from the disturbed area east of  the landfdl and 

from landfdl cover matenal The surface soil samplmg program is summaflzed in Secuon 2 2 1 3 
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1 4 2 4 Technical Memorandum 4 Surface Soil Sampling (Ash Pits Incinerator and 

-. . e,  

Concrete Wash Pad) 

TM4 (DOE 1993d) specified the samplmg and analyucal program for surface soils w i h  the IHSS 133 

sites Simlar to the program defined by TM3 for IHSS 115 the program defined by this TM mcluded 

sample collection for analysis of ra&onuchdes from anomalies idenufied by a radlological survey of 

these sites conducted as part of the OU 5 RFYRI (see Secuon 2 5 2) It also involved sample collectlons 

for analyses of chemcals and radionuclides from areas believed to have been impacted by drsposal 

operations at the IHSS 133 sites Secuon 2 2 2 3 summanzes the methodology and results of h s  

samplmg program 

1 4 2 5 Technical Memorandum 5 Soil Gas Survey (Original Landfill) 

Based on the results of other soil gas surveys conducted at the site and on the review of hstoncal 

data and other screening acuvlttes at IHSS 115 it was detemned that mdficauon of the soil gas 

sampling plan proposed in the OU 5 Work Plan was necessary TM5 (DOE 1993e) presented the results 

of the prevlous invesugauons at IHSS 1 15 and provided a revised samplmg and analysis plan for the soil 

gas survey The results of  rh~s survey are summanzed in Secuon 2 2 1 2 

1 4 2 6 Technical Memorandum 6 Cone Penetrometer Testing (Original Landfill) 

The OU 5 Work Plan proposed the performance of CFT and collectlon of  groundwater samples with a 

BAT@ (or equivalent) samplmg device The Work Plan specified that a TM be prepared that would define 

the specific procedures and locatlons for these actlwues TM6 (DOE 19930 specified the procedures and 

locatlons for CPT and provided a methodology for selecung locauons for collecuon of groundwater 

samples contlngent upon the results of the CPT and other prevlous and ongomg mvestlgatlons at IHSS 

1 15 Due to several advantages of h s  techmque th~s TM also specified the collectlon of groundwater 

samples from well points rather than with the BAT@ samphng devlce The unplementauon and results 

of these activities are summanzed m Sechon 2 2 1 4 
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1 4 2 7 Technical Memorandum 7 Soil Borehole Sampling (Ash Plts Incinerator and 
Concrete Wash Pad) 

Sod bonngs to be dnlled m the areas of the MSS 133 sites were proposed by the OU 5 Work Plan. The 
Work Plan also specified that a TM be prepared to better define the locahons of these b o ~ g s  based on 
the results of precedmg mvesugatlons TM7 (DOE 1993g) provided an FSP for the W i n g  and samplmg 

of bomgs at the IHSS 133 sites It also specified the collectlon of groundwater samples from withm 

bonngs usmg the Hydropunch II or BAT@ samplers where groundwater was present. The sod bonng 

program and its results are summanzed m Secuon 2 2 2 3 

1 4 2 8 Technical Memorandum 8 Groundwater Monitoring Well Inrtallatlon (Original 
Landfill) 

Thls TM provided a revlsed FSP for the mstallatron and samphg of momtonng wells m the w a t y  of 

IHSS 115 and IHSS 196 as prescnbed by the OU 5 Work Plan Subsequent to the preparmon of the 

draft version of thls TM it was determmed that the mtent of the Work Plan was such that a TM was no 
longer requlred to define the locations of these momtomg wells Therefore a letter was prepared that 
descnbed the plan for mstallmg and samphg momtonng wells at MSS 115 Thrs letter is found in the 

appendices to TMlS (DOE 1994a) The groundwater momtonng program is summarized m Sectmn 

2 2 1 4  

1 4 2 9 Technical Memorandum 9 Groundwater Monitoring Well lnstallrtion (Ash 
Pits Incinerator and Concrete Wash Pad) 

The mstalluon of moutarlng wells rn the ma of the IHSS 133 sites w~ul ptoposcd in the OU 5 Work 

Plan and the Work Plan specified that a TM be prepared to define the IocatiOnS of these wells TM9 
(DOE 1993h) provlded a mmtomg well rnstallatton and sampling program for the installatron of wells 

based on the results of prcwous mveshg~ons 111 the IHSS 133 a m .  The bplemuItadon of this TM 
and the results of tlus investlgaaon are summanzed in Secuon 2 2 2 4 
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1 4 2 10 Technical Memorandum 10 Surface Soil and Soil Borehole Sampling (IHSS 
209 and Other Surface Disturbances) 

I 
October 1995 

TMlO (DOE 19931) presented a FSP for the collecuon of surface and subsurface soils at IHSS 209 the 

Surface Disturbance West of IHSS 209 and the Surface Disturbance South of  the Ash Pits The OU 5 

Work Plan did not indicate that a TM would be requred for these samplmg programs but informauon 

obtamed in previous stages of  the invesugahon of these areas necessitated that the soil sampling program 

described in the Work Plan be modified This mformauon mdicated that there was no ewdence of  waste 

hsposal in these areas and the soil samplmg programs were reduced m scope so as to only confirm the 

results of the preceding inveshgauons The results of the implementatlon of TMlO are summanzed m 
Secuon 2 2 4 3 

1 4 2 11 Technical Memorandum 11 Chemicals of Concern 

TM11 (DOE 1995a) idenufied the chemcals of concern (COCs) that were included m the HHRA to assess 

potenual health risks from assumed exposure to the COCs detected in soil groundwater and other 

media sampled 111 OU 5 COCs are metals or r&onuclides whose concentrauons exceed background 
concentrauons (or organic chemcals that are not naturally occumng) but that could pose a health nsk 

under the assumed exposure condiuons COCs are selected from all analytes detected 111 each medmm 

using nsk based and other screemng methods that idenufy chemcals that would pose the greatest risk and 

therefore warrant inclusion in the HHRA COCs also provide the focus for fate and transport modeling 

and remedy selecuon Secuon 4 2 provides a discussion of  the companson of  data for OU 5 sampling 

locauons with background values and Secuon 6 2 &scusses the selecuon of  COCs 

1 4 2 12 Technical Memorandum 12 Exposure Scenarios 

TM 12 (DOE 1995b) was prepared to idenufy potenually complete exposure pathways and human 

receptors at OU 5 and if presents quanutatwe values for exposure parameters and equmons for esumatmg 

central tendency (CT) and reasonable maxlmum exposures (RMEs) to be used in the HHRA The 

scenanos identified in TM12 are discussed in &tad m Sechon 6 3 
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1 4 2 13 Technical Memorandum 13 Model Description 

Fate and transport modelmg was requred to support the HHRA and the eva luon  of potenual remedal 
alternaves for the Feasibility Study (FS) at OU 5 TM13 (DOE 1994b) prowded a descnptron of the 
models selected to perform groundwater surface water and a u  modelmg for OU 5 A Concepnial Srte 

Model (CSM) of chemcal release and transport to potenttal human receptorswas presented 111 TM13 This 
CSM idenufies the rauonale for the selechon of mathematfcal models that were used to estlmte exposure 

pomt concentrmons for the HHRA The model selecuon process is summanzed and the model results are 

detatled tn Sectton 5 0 

1 4 2 14 Technical Memorandum 14 Toxicity 

The OU 5 Work Plan also specified that a TM be prepared that idenUt%s the tomwlogxal mformatroa 

that would be used m the nsk assessment. Dunng the course of performmg the OU 5 HHRA howevex it 

was determrned that all necessary tomcological mfonnatron for the idenuficd COCs was avdable 111 the 

regulatory databases Therefore DOE EPA and CDPHE agreed that th~s TM would not be requued. 

1 4 2 15 Technical Memorandum 15 Amended Field Sampling Plan 

Subsequent to compleuon of the field program specified 111 the OU 5 Work Plan, it was deterrued that 

adduonal data were requtred to fully descnbe the nature and extent of contamtnatlon assocrated with all 

of the OU 5 MSSs and to provide the mformat~on necessary for the evaluahon of potcnual remedial 

alternmves m the OU 5 FS Rather than prouxdmg with a Phase 11 RFYRI (as IS the trduonal approach 

outlmed m the IAG) DOE EPA and CDPHE agreed to performmg an &t~onal stage of field 

tnvestqatlons under the Phase I RFyRl Therefore TM15 (DOE 1994) was prepred to present the 

results obmed dunng the mpiemcntatron of the OU 5 Work Plan idenMy gaps m the data obtamed 

dunng the Work Plan mVeShgatIOn and to provlde an amended Phase I FSP for obtauung the mformat~ron 

necessary to fa those gaps 

1-17 



Rock\ Flats Environmental Technology Site 
Final Draft-Phase I RFI/M Report _Operable_Unit 5 

1 5 REPORT ORGANIZATION 

October I995 - 

The followmg chapters of this report descnbe the field inveshgatlons performed at OU 5 and the results of 
those mvestigauons provide a descnphon of the nature and extent of contarmnatlon assoclated with each 
IHSS and to discuss the nsk to human health and the environment posed by contarmnatton at each IHSS 

Chapter 2 0 descnbes the stages of field inveshgauon at each IHSS and presents the results of these i 
mvestigahons Those stages of the field inveshgauon that were completed prior to the preparauon of 
TM15 are only summanzed in thls report Detatled discussions of these mvestlgatlons are presented m 
TM15 (DOE 1994a) The implementauon of TM15 and the results of those actlvibes are presented m 
detal for each IHSS m Chapter 2 0 

Chapters 3 0 and 4 0 present discussions of the physical charactensucs and nature and extent of 
contarmnauon respechvely at each IHSS These chapters draw informauon from all stages of the Phase 1 
RFYRI as well as informahon collected by other the site programs to prowde a desmpuon of the physical 
sethng and nature and extent of contarmnauon at each IHSS This mformauon is used to develop a 

conceptual understandmg of the contarmnauon associated with each IHSS and the potenual for 
contammant release and subsequent exposure to human receptors andor the envlronment. 

Chapter 5 0 discusses the results of contaminant fate! and transport modelmg la. groundwater surfacewater 
and arr This chapter provides a demled discussion of the modelmg process in each medium and of the 
results of the modelmg prncularly where applicable to the Baseline k s k  Assessment (BRA) Chapters 
6 0 and 7 0 prowde discussions of the BRA The "RA is discussed m detad in Chapter 6 0 and the 
Environmental k s k  Assessment (ERA) is discussed m Chapter 7 0 

A discussion of the process to be used for the evaluahon of remedial alternauves is provlded rn Chapter 
8 0 However presenmon of the evaluauon of remedial alternauves will be completed uuder the CMS/FS 
process Chapter 9 0 discusses the prehmary identtficauon of data gaps and Chapter 10 0 prowdes a 
summary and conclusions of the Phase I RFYRI 

Appendix A the Hydrologic Data Summary Report, prowdes a detaded evaluauon of surface water 
stream sediment pond sediment and groundwater data obtamed from the sitewide and hstoncal 
programs discussed in Sechon 1 2 3 and the data for these media obtamed trom the OU 5 Phase I 

RFVRI This appendix was issued under separate cover previously The rematrung Appenhces B 
through N provide suppomg data for the discussions provided in Chapters 2 0 through 7 0 
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2 0 OU 5 FIELD OPERATIONS AND INVESTIGATIONS 

l b s  chapter dtscusses the methods and results of the field invesugauons performed under the Phase I 

RFI/RI of OU 5 As dtscussed m Chapter 1 0 the performance and results of the field mvestlgatlons 

outlmed 111 the OU 5 Work Plan (DOE 1992a) are descnbed m deml in TM15 (DOE 1994a) The FSP 
was implemented in stages (Figure 2 18) Histoncal Reuew Screemg Level Surveys Intrusive 

Samplmg and Well Insrallatlon and Groundwater Sampling These mvestlguons are summanzed bnefly 

111 h s  chapter 

2 1 FIELD INVESTIGATION PROCEDURES 

All field mvesugauons conducted dunng the OU 5 Phase I RFVRI were performed in accordance with the 

applicable FGETS Standard Operaung Procedures (SOPS) More specflically the procedures followed ace 

those contamed in the following volumes of the Enwronmental Management Diwsion Operaung 

Procedures Manual (5 21000 OPS) 

0 

0 

0 

0 

Volume I Field Operauons (5 21000 OPS FO) (EG&G 1992a) 

Volume I1 Groundwater (5 21000 OPS GW) (EG&G 1992b) 

Volume III Geotechcal(5 21000 OPS GT) (EG&G 1992c) and 

Volume IV Surface Water (5 21000 OPS SW) @G&G 1992d) 

D u n g  the come of thts project several Document Modlficauon Requests (DMRs formerly known as 

Document Change Notlces @CNs) were prepared to moddy the exlstmg procedutes for specific 

applicatlon to the OU 5 sites 

2 2 PHASE I RFVRl FIELD INVESTIGATION 

Thts secuon provides a surmnary of the work conducted dunng implementauon of the FSP defined by the 
OU 5 Work Plan (DOE 1992a) and as amended by several TMs dunng various stages of the field 

mvesugauon Work conducted pnor to January 1994 is discussed m detal rn TMl5 (DOE 1994a) and a 
summaw of that work is prowded in h s  secuon Results of additlonal work proposed and outlmed in 

TM15 are discussed in more deml herem The objecuves of the Phase I RFYRI were to 
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0 

0 

0 

0 

0 

0 

Charactenze the physical and hydrogeologml setmg of the IHSSs 

Assess the presence or absence of contarmnatlon at the MSSs 

Charactenze the nature and extent of contamtnmon at the IHSSs if present 

Determime contarmnmon mgrauon rate and transport charactensbcs 

Support the Phase I Human and Envmnmental fisk Assessment, and 

Provide a basis for the Feasibllity Study if requved 

Prelirmnary evalumon of data collected dumg the fust phase of work consisted of compansons with 

background upper tolerance l m t s  (UTLs) presented in the BGCR (DOE 1993a) However those UTLs 
were calculated with outliers bemg excluded (see Appendix E of DOE 1993a) Compmsons with those 

UTLs were performed and documented in TM15 That step was an mhal one and as the project has 

progressed the data cleanup process has evolved as have the evaluauon processes Smce the pre lmary  

evaluauons background UTLs have been recalculated without excludmg outliers for both lognormal and 

normal distnbuuons Th~s was done so that site data and background data were treated simlarly for the 

nsk assessment Therefore calculated values of background UTLs have changed sme TM15 was 

fwized  which has resulted m compansons of site data to two sets of background UTLs through time As 
a consequence tlus sechon is pnmanly a summary of the work completed and the analyt~cal results of that 

work are &sassed m general t e r n  However where background UTLs are referenced m thrs secuon the 

values presented 111 Appendm C of the BGCR values are used Analyttcal data are Qscussed m additional 

d e a l  in Chapter 4 0 Nature and Extent of Contamtnauon 

The discussions of analyttcal data provlded in the following sechom reference a senes of tables 

gables 2 3 through 2 1 1) that summarize the data collected dunng all stages of thts mvestlgatton The 

data presented in these tables were generally orgaauRd so that the data generated by the mveshgauon 

specified by the OU 5 Work Plan (DOE 1992a) were provided for comparrson to data generated by the 

mvestigation outlmed in TM15 (DOE 1994a) As noted previously the value subshtuted for nondetects 

m those data sets with relmvely lugh (>50%) non detect rates wlll strongly affect the calculated value of 
the apparent mean. Both the data analyst and the reader should keep m m d  the u n c e m t y  of smstical 

parameters calculated for any data set contauung a hgh proporuon of nondetect data In the case of 

TM15 those constituents (metals m pmcular) detected at relahvely low to very low frequencies (40% 
to ~ 2 0 %  detects) tend to have mean concentratlons that are mficially higher than those reported for pre 

TM15 data. ' Ihs  apparent mcrease m mean values is the result of lugher values subsmuted for nondetects c 
2 2  
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In these cases the range of detected concentrauons (reported in Tables 2 3 to 2 10) gives a better 

mdicatlon of the comparabdity of metal concenrrabons in TM15 and pre TM15 samples In these cases 
the range of detected concentmuons reported on Tables 2 3 through 2 10 gave a better m&caaon of 

whether the samples collected under TM15 contain sirmiar concentrauons to the pre Th415 samples 

October 1995 

The data generated by the OU 5 Work Plan field invesugatlon were used for the HHRA (Chapter 6 0) 
Therefore a companson of the data generated under the TM15 mvesttgauon to the data used for the 

"RA was necessary to evaluate any potentlal impacts to the conclusions of the HHRA that result from 
the collectlon of addihonal data A discussion of the potentlal impacts is prowded 1 ~ .  Sectlon 2 3 

2 2 1 IHSS 11 5 (Original Landfill) and IHSS 196 (Filter Backwash Pond) 

Volume I1 of TM15 (DOE 1994a) provldes demled dwussions of the methodology for and results of the 

Phase I invesugatlon conducted at IHSSs 115 and 196 (IHSS 1151196) pnor to implementauon of work 

outlmed 111 Volume I of TM15 (DOE 1994a) A summary of the mfommon related to IHSS 115/196 and 

presented m Volume 11 of TM15 (DOE 1994a) is also presented m thrs secUon, along with a dmussion of 
the results of implementauon of the actlvitles proposed in TM15 Figure 1 2 shows the relatton of these 
MSSs to RFETS Figure 2 1 is a larger scale map of the MSS 1151196 area showmg locatrons sampled 

pnor to the implementauon of TM15 

2 2 1 1  Stage1 

Stage 1 actlvitles conducted for IHSS 115/196 mcluded reviewing verucal aenal photographs from the 

Aenal Photographtc Analysis Compmson Report @PA 1988a) and a senes of oblique aenai photographs 

obtained from the RFETS archves taken dunng the operatton of the Onpal Landfill Rewew of these 

aenal photographs resulted LU some modificauons to the dimensions and boundanes of IHSS 1 W196 

shown in the OU 5 Work Plan These modificauons are &sassed in detad m TM15 (DOE 1994a) and 

the current boundanes are shown on Figure 2 1 

Stage 1 also involved review of the results of a gamma radmon survey conducted from October 25 1990 
through December 8 1990 The survey was conducted using a 20 percent N type hlgh punty gennantum 
(HPGe) detector (DOE 1992a) These actlvitles are discussed in deml in Sectlon 2 4 1 of Volume 11 of 
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Th415 (DOE 1994a) Thu mvesugauon found that radiahon m the sod was conmbuted from potassium 

urmum and thonum Remew of these data mdicated that acumhes from these raoisotopes were 

consistent with natural background acuvitles However there were areas that e ~ b i t e d  elevated urmum 

238 acuvity (hot spots) These hot spots were surveyed and marked with stakes for subsequent samplmg 

acumhes (Sectlon 2 2 1 3) and radrological surveys (Sectlon 2 2 1 2) 

2 2 1 2  Stage2 

Stage 2 acuviues at IHSS 1151196 consisted of geophysical and soil gas surveys as specified in the OU 5 

Work Plan In additlon a rdological survey with a Field Instrument for the Detecuon of Low Energy 

Radiauon (FIDLER) was conducted to supplement the 1990 HPGe survey &scussed 111 the prevrous 

secuon Sechon 2 4 2 of Volume II of TM15 (DOE 1994a) &scusses the Stage 2 actrviues in dew1 and 

they are summanzed m this sectlon 

Frequencydomiun EM and magnetometer geophysical surveys were conducted rn 
MSS 115/196 from October through December 1992 Results of these surveys coniirmed the known 

locatlon of the Onginal Landfill and did not idenufy addiuonal areas reqrutlng mvesugauon Useful data 
could not be acqulred beneath the power hnes near the southern boundary of the Ongmal Landfill due to 
the overndmg EM mterference produced by the lmes 

A real tlme soil gas survey was performed at IHSS 1 W196 as proposed by the OU 5 

Work Plan The survey rnvolved the collectlon and analysis of more than 300 soil gas samples 

Anomalous readmgs encountered dunng the survey were further mveshgated by addmonal soil gas 

samplmg Plumes of volmle orgmc compounds (VOCs) 1denWx-i by the soil gas survey were fuaher 
assessed by the subsequent dnllmg of boreholes w t t b  the plumes and mstallauon of groundwater 

momtonng wells downgradient of the plumes (Secuon 2 2 1 3) Results of the soil gas survey are 

dscussed in d e a l  111 Secuon 2 4 2 2 of Volume I1 of TM15 (DOE 1994a) Bnefly the survey resulted m 
the identlficuon of three areas of anomalous concentrauons of 1 1 1 TCA TCE and PCE as shown on 
Figure 2 2 
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In July 1993 (subsequent to compleuon of the soil gas survey) a small scale intnnsic ax permeability 

study was conducted in and adjacent to IHSS 115/196 Evaluauon of results of the intnnsic SUT 

permeability study are presented 111 Sectton 2 2 1 7 

Several areas of MSS 115/196 were surveyed with a FIDLER d m g  March to Juue 

1993 The purpose of this survey was to further charactem anomahes identrfied by the 1990 HPGe 

survey discussed m Secuon 2 2 1 1 Secuon 2 4 2 3 of Volume II of TM15 (DOE 1994a) demls the 

performance and results of tins s w e v  

The FIDLER surveys idenufied m e  areas of anomalous radroacuvity Each of these areas has been 

posted as a ra&ologically controlled area (RCA) In areas where a piece of landfilled matenal was not 

idenufied as the source of the detected radmon surface sod samples were collected to charactenze the 

contarmnauon present Several pieces of radroacuve matenal were removed from these areas on 
May 28 1993 d m g  an emergency removal actlon Th~s matenal was placed m an area destgnated for the 

storage of radioactwe matenal Measurements performed by EG&G Radrological Engmeenng mhcated 
that the pnncipal isotope present in these matenals was uran~um 238 although no quanuficauon of the 
acuvlty present was provided 

2 2 1 3  Stage3 

Stage 3 acuwues at IHSS 115/196 consisted of the collecuon and analysis of surface soil samples dnllmg 

and samplmg charactenzauon boreholes and further mvesugatlon of the soil gas anomalies The results 

of Stage 3 acuvlues are discussed m detad in Sechon 2 4 3 of Volume II of TM15 (DOE 1994a) and are 
summanzed tn this secuon 

Detatls of surface soil samplmg at IHSS 115/196 are presented in Secuon 2 4 3 1 

of Volume II of TM15 (DOE 1994a) Surface soil samples were collected at 66 locat~ons m 

MSS 115/196 (Figure 2 3) Analyses of surface sod samples identlfied samples with elevated 

concentrahons of a limted number of metals and several racfionuclides were idenufied with acuviues that 

exceeded background acuviues Peshcides polychlonnated biphenyls (PCBs) and a wide variety of sem 
volat.de organic compounds (SVOCs) were also detected m several surface soil samples Locations where 

the concentrauons of both morgamc and orgamc compounds exceedmg background concentrauons were 
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detected are centered around the abandoned storm sewer outfall near the center of the Ongmal Landfill 

These findmgs may be the result of the surface sod bemg dumbed dunng installahon of the outfall pipe 

! October 1995 

Eight boreholes were mstalled UI MSS 115/196 for subsurface 

charactemahon The results of thts work are discussed 111 detal m Sectton 2 4 3 2 of Volume 11 of TM15 
(DOE 1994a) Bnefly metals analyses resulted 111 the detectlon of a llrmted number of metals at 

concentrauons exceedmg background UTLs Mological analyses identtfied several samples from the 

upper six feet with acuviues greater than background Also a vanety of SVOCs VOCs pemcides and 

PCBs were detected 111 samples from these boreholes 

Four boreholes wefe mstalled witbm the sod gas ano&es located 

adjacent to the former ponds (IHSS 196) and two 0 5 mch diameter wells (small &ameter wells) (60993 

and 61093) were mstalled withm the anomaly near the center of the ollgmal Landfill D e w s  of 
mstallmon samplmg and results of these acuvltles are discussed m Secuon 2 4 3 3 of Volume 11 of TM15 
(DOE 1994a) 

Results of the analyses of the soil and groundwater samples collected from the boreholes and small 

hameter wells dr~lled withuz each soil gas anomaly confirmed the results of the sod gas survey In 
addmon several metals and radionuchdes were detected at concentrauons e x d g  background UTLs 
Some pesucides PCBs and SVOCs were! detected at these sod gas anomaly locat~ons 

Surface Water 

because these samplmg locahons are all part of a slngle system 
Results of surface water samplmg are d~~cussed m Sectton 2 2 3 3 

2 2 1 4  Stage4 

Stage 4 actlvitles conducted at IHSS 1 W196 consisted of a CPT program and the mvesugauon of 

groundwater quality through the use of wellpomts and momtorrng wells Implementatton and results of 

these actlvities are Qscussed m detatl 111 Sectlon 2 4 4 of Volume II of TM15 (DOE 1994a) and are 
summanzed m this sectton 

M 
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Specifics of the proposed CFT program are prowded III TM6 (DOE 19930 

TM6 was prepared based upon evaluauon of work conducted d m g  Stages 1 2 and 3 Secuon 2 4 4 1 of 

Volume II of TM15 (DOE 1994a) discusses the CPT program and its results m deml Five sigmficant 

topographx lows 111 the bedrock surface (or mgraaon pathways) were identtfred by the CPT program 
Water was found to be present in three of the topographc lows 111 the bedrock surface the other two 

topographc lows 111 the bedrock were dry Water was also found at two areas idenMied as topogrqh~c 

hghs in the bedrock surface Infonnauon provided by CPT was used to subsequently locate wellpomts 

(Secuon 2 2 1 4) and momtonng wells (Sectlon 2 2 1 4) 

Ten wellpoints were lnstalled along the downgr~ent  penmeter of MSS 119196 and are 

&scussed III Sectton 2 4 4 2 of Volume II of TM15 (DOE 1994a) Elevated concentrauons of a few 

metals common mons rhonuclides and water q d t y  parameters were detected in unfiltered 

groundwater samples from within the footpnnt of the Origlnal Landfill VOCs includlng acetone 

1 ldicholoroethene (1 1 DCE) 1 2 dichloroerhene (1 2 DCE) 1 1 1 TCA TCE and PCE were also 

detected in these samples 

Detals of five momtonng wells (59393 59493 59593 59793 and 61293) 

and two boreholes (59193 and 59293) lnstalled as part of the groundwater lnvestlgatlon of IHSS 1 W196 
are prowded III Sectton 2 4 4 3 of Volume iI of TM15 (DOE 1994a) The two boreholes were drilled at 

locauons onernally intended for momtonng wells but groundwater was not encountered durrng dnllmg 
and the boreholes were plugged and abandoned 

Several metals were detected in subsurface soil samples collected from these wells and boreholes at 

concentrauons exceedmg background UTLs Plutomum 2391240 was also detected at act~vitles exc-g 
the background UTL The PCB Arwlor 1254 was detected in a subsurface sod sample from well 59493 

whch was lnstalled w l h  IHSS 196 A vanety of SVOCs and VOCs were also detected in several 
subsurface soil samples from these wells and boreholes 

Groundwater samples collected from these five wells have contamed a number of metals at concentrauons 

exceedlng background UTLs A few radionuchdes were also detected at acavittes exceeding background 

UTLs No pesucides or PCB constituents were detected in the groundwater samples collected m the IHSS 

115/196 momtonng wells A vanety of SVOCs have been detected ln groundwater samples pnmmly 
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those from well 59493 whtch was xnstalled w i M  IHSS 196 Also the VOC methylene chlmde a 

common laboratory contammant. was detected m one sample from well 59493 

Two of the five wells mtalled at IHSS 115/196 were selected for aqufer tesmg A muluple well 
pumping test was performed at MSS 196 in well 59493 and a smgle well slug test was performed m one 

well (59593) d o w n w e n t  of M S  115 The muluple well test appears to have been successful however 
the slug test data rndicated that the results at that locauon may not be representatwe of the formation 

charactensucs but may mstead represent the hydraultc conducuwty of the filter pack (see Sect~on 2 4 4 3 

of Volume II of TMl5 (DOE 1994a) The slug test was repeated dumg the implementauon of TM15 
(DOE 1994a) Six of the wells installed m MSS 119196 dunng the implemenmm of TM15 were tested 

as part of the 1995 Aquifer T e s t q  Program @G&G 19951) The results are discussed in Secuons 

2 2 17and 3 8 1 

2 2 1 5 Stage 5 Investigation of Storm Sewer Pipelines 

Stage 5 acttwues at IHSS 115/196 mvolved mvesugauon of the storm sewer pipelmes that protrude from 

the Ongmal Landfill area. These acuviues are discussed m detatl 111 Sectton 2 4 5 of Volume 11 of TM15 

(DOE 1994a) and are summanzed below 

Acoviues performed to mvesugate the stom sewer pipelmes rncluded collectmg a one Ume sample of the 
water dischargmg from the acuve pipelme and perfomng a video-camera survey of the storm sewer 

system to deterrmne and/or venfy the connecttons and source of the constant lscharge from the system. 

Analyucal results of the smgle sample obtamed dunng dry weather from the storm sewer outfdl did not 

indicate elevated concentrmons for mhonuchdes metals or orgamc consutuents 

The video camera survey of the pipehne rnhcated that, for the most part., the storm sewer system had only 

small rocks and sehment along its mvert There were some slight groundwater inflows at joints and 

manholes and an occasional 6 rnch polyvlnyl chloride (PVC) roof dram coxmechon entelmg through the 
top pomon of the pipe However a conunuous dry weather dwharge was seen entemg the system 

through a 12 inch conugated metal pipe (CMP) at a manhole from the Bmldmg 447 foundmon underdram 
system (Jacobs 1994) Another manhole had an intermittent hgh velocity &ow that entered the 

2 8  



Rockv Flats Environmental Technologv Site 
Final Draft-Phase I RFVRI Repon Operable Unit 5 

manhole through a 6 mch PVC pipe located at the southeast comer of the manhole "%Is &ow appeared 

to be pumped mto the manhole from a sump pump Based on the locauon of the pipe the flow was 
assumed to be commg from Buildmg 440 or the evaporauve coolmg tower located along the west side of 

Bmldmg 440 

October 2995 

2 2 1 6 Ambient Air Monitoring 

Data from the momtonng network known as the Radioacuve Ambient Au Momtomg Program (RAAMP) 

and from three samplers installed speclfrcally to momtor ambient radionuchde levels around OU 5 were 

analyzed to evaluate whether &me releases are sipficant from IHSS 1 W196 InformUon collectad 

by health and safety (H&S) personnel dunng the unplementabon of field mvesugmons was also rewewed 

Secuon 2 5 5 of Volume I1 of TM15 CDOE 1994a) presents demled discussions of h s  analysis Bnefly 

the analysis concluded that the presence of multtple sources throughout the facdity and the placement of 
the RAAW samplers limts the s p f i c  apphcability of RAAMP data to OU 5 

Exarmnauon of the special OU 5 sampler data indxated that the urmum 233/234 and urmum 235 resuits 

were withm the same order of magmtude for both the sampler downwmd of MSS 115/196 and the sampler 

upwind of OU 5 The amencium 241 plutomum 2391240 and urmum 238 average acuvlues for the 

downwmd sampler were one order of magmtude greater than the average acuwt~es of the upwlnd sampler 

Results of the H&S momtonng that was done dunng the field mvesugauons of IHSS 115/196 provldcd a 

qualitatwe mdcauon of potenual au pathway nsks atmbutable to thrs source Elevated orgmc vapor 

readmgs were observed dunng invesugauons at only two borehole locauons d m g  drlllmg operauons 

DuMg field mvesugauon of high punty germamum (HpGe) anomalies B 7 and B 8 near the center of the 

Original Landfill beta gamma momtonng regstered 60 OOO counts per m u t e  (cpm) on one occas~on and 

10 000 80 000 cpm on another 

2 2 1 7 Implementation of TM15 

Implementauon of field work outlined in TM15 (DOE 1994a) for IHSS 115/196 began in September 

1994 In summary the work consisted of 
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Evaluauon of Intmsic AE permeability Tests 

Geotechcal Evaluauon 

Groundwater Invesugatton and 

Ax Programs and Wind Resuspension Invesugauon 

Specific work elements and results of implemenung the work are summanzed m the followrng sectlolls 

The results of these mvesugauons are presented in addihonal detsul where applicable m Chapters 3 0 and 

4 0 of h s  report 

A small scale rn t . r~~~~ic  ax permeabbty study resulted 111 

calculated permeabihttes that were orders of magmtude g e a r  than expected for clayey soils Inmnsic arr 

permeability was esumated by the method presented m A Practical Approach to the Design Operation 

and Monitonng 0th Situ Soil Ventmg Systems (Johnson et a1 1990) Two possible explanmons for ths 

dwrepancy were that the soils at the test sites were not clayey or that short cumtmg of the vapor flow 

path occurred d u n g  the test (e g gas flows from surface down along probe and 111to sampler) Because 

the test was conducted m the same manner as the sod gas survey it is possible that short-cuclutmg 

occurred dunng the survey and that the observed soil gas concentrattons are lower than those actually 

occurring m the subsurface formauon 

To assess the likellhood of each explanahon recorded survey vacuum pressures were rewewed along with 

the borehole logs for nearby areas In those locauons where vacuum readmgs are not greater than 

background and the soil lithology is known to be of low permeability short cucurung may have occurred 

Thls situauon may also be explamed by fractures (e g desiccauon cracks) or macropores (e g worm 

burrows root channels) Analyucal laboratory data for sods m those areas were also rewewed for 

correlauon 

For each borehole nearby soil gas survey locauons were idenufied For each borehole for whch a log 

was avadable the data for the soil gas vacuum versus ume were analyzed as descnbed in Johnson et af 

(1990) Calculated values were then compared to values reported (Johnson et a1 1990) for simlar types of 

soils as idenufied on the borehole logs at correspondmg depths (see Table 2 1) In each case the 

calculated permeability (k) values either concurred with the borehole logs or mdicated a less permeable 

soil type Therefore i t  may be concluded that short cirmung &d not occur at locattoas near boreholes 
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Although most of the soil gas samples were collected by the hydraulic probmg and purgmg system 

several soil gas survey locauons were purged with a manual pump Thls manual apparatus was not 
equpped to momtor vacuum levels However manual purgmg took more ume than the hydrauhc system. 

Therefore the gradient of vacuum versus tlme was less likely to induce short clrcurtlng 

October 1995 

For soil gas sample locauons that are not near boreholes there are no known lithologc data to whrch 

calculated k values may be compared However the vacuum readmgs for the e n m  soil gas survey were 

reviewed to evaluate occurrences that &d not exceed background Background vacuum (for the probe and 

tubmg system in ambient m) was recorded at 3 5 inches Hg (mercury) d m g  the mumsic an permeability 

study Data from the sod gas survey revealed the lowest 5 m u t e  vacuum readmg to be 4 1 inches Hg a 

value 17 percent greater than background 

Because background vacuum levels were sigmficantly exceeded at all locauons of the soil gas survey 

where the hydrauhc system was used calculauondenved soil types generally concur with those desmbed 

in borehole logs and manual purgmg is unllkely to induce short clrcuitmg it was concluded that short 
clrcuiung did not occur d u n g  the soil gas survey at MSS 115 Therefore results of the soil gas survey 

were considered to be representatwe of actual field condiuons 

Secuon 3 1 2 2 m Volume I of TM15 (DOE 1994a) outlrned a geotechnrcal 

program to evaluate the stabdity of the slopes along IHSS 115 The followng two work elements were 

completed 

0 Ob- subsurface geometry 

0 Collect subsurface soil samples to charactenze geotechmcal propemes of subsurface 

matenals 

Thls secuon descnbes the methodology for obwing subsurface data and the collecuon of geotechnrcal 

samples for analysis Results of the geotechmcal sample analysis includmg the fmal stability analysis will 

be presented in subsequent FS reports for OU 5 

The subsurface geometry was evaluated from exisung data and from dnlling 20 Wuona l  boreholes 

hcauons shown 111 Figure 2 4 were based on the overall wsible width of the exlstlng falures and the 
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~ 

accessibihty Soil samples were collected m accordance with SOP GT 2 Dnllmg and Samphg Usmg 

Hollow Stem Auger Techmques Table 2 2 is a summary of borehole mformauon for the TM15 field 

mvesugaUon mcludmg the geotechcal borehole program 

To facilitate the access of the hollow stem auger dnll ng to the geotechcal boreholes located m the 

central landslide area, a temporary fill road was constructed The temporary fill road was located between 
the well cluster for 58394 57194 and 71494 and bonng 56894 as shown on Figures 2-4 and 3 16 The 
temporary fill road was placed usmg clean fdl and without excavatmg the enstmg hllside 

Core samples collected from the geotechcal boreholes were retamed m cox boxes and logged 

(Appendix B) Core samples were not submtted for enwonmentaj chemcal analysis on the basis of the 

field screening results wluch mdicated no contarrrmauon Dembed m TM15 If field screemg results 

had mdicated the potenual for contarmnants enwronmental samples would have been collected for 

analysis for OU 5 target analytes (Table 3 1 2 1 of Volume I of TM15 [DOE 1994a1) 

Composite samples were o b m e d  from d d l  cuthngs and analyzed for OU 5 target analytes (Table 3 1 2 1 

of Volume I of TM15 P O E  1994a1) These samples were collected to characterize the drummed cuthngs 

m order to d e t e m e  the proper method for dsposal of the cumgs A summary of the data from these 

composite samples is mcluded 111 Tables 2 3 through 2 5 Thss table and all other summary tables m thrs 
chapter provide an mdtcaUon of the dlfference m concentraUons for each ConsUtuent in samples collected 
durmg the Th415 field mvesugaUon and those collected d u n g  the mvesugauon outllnes m the OU 5 

Work Plan (DOE 1992a) ttus mformauon is prowded to assist m evaluating whether the results of the 
TM15 field investlgabon would unpact the results of the "RA and ERA whch were based on the data 

collected pnor to the irnplementatlon of TM15 (see Secuon 6 0) 

With the excepuon of thallium concentrauons of metals in the composite samples were withm the range 

of either the background or pre TM15 data (Table 2 3) Thallium concentraUons however are of the same 

magmtude as those detected in background and pre TM15 samples Detected rdonuclide m w u e s  were 
w i h  the ranges of the pre TM15 data (Table 2 4) As hsted on Table 2 5 them were several orgmc 

compounds detected m these drum charactemaUon samples However these orgmc compounds were 

primmly detected at concentraUons below those detected in pre TM15 samples or the reportmg limt or 
were common laboratory contamtnants (e g acetone methylene chlonde and the phthalates) 
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As part of the groundwater invesugauon 2 mch nommal Qameter PVC piezometers were installed in m e  

geotechcal borehole locattons (Figure 2 4) These piezometers were sampled for OU 5 target analytes 
(Table 3 1 2 1 of Volume I of TM15 (DOE 1994a) provided suffkient groundwater is present 

The groundwater invesugatton consisted of many actlvltles mcludmg 

charactenzmg the thickness of alluvtal matenal along Woman Creek and p e r f o m g  aquifer tesung 

However the pnmary acuvtly of the mvesugauon centered around evaluamg the presence and q d t y  of 

groundwater Vanous mstallahon types (wellpomts momtonng wells small &meter wells and 

piezometers) were uulized for these acuvitles Small diameter wells am defined as y2 mch to 1 mch 

normnal diameter PVC mulled in one to 1 5 inch normnal diameter boreholes These work elements and 

their results are presented in the following paragraphs 

To further characteme the bedrock surface and tluckness of the valley fill alluwum and colluvium along 

Woman Creek three smalldiameter (normal 1 mch) boreholes were advanced appxlmately two feet 

mto weathered bedrock These three locahons (58094 58194 and 58594) were located as close to the 

creek bed as practtcal (Figure 2 4) Soil samples (core) were collected contmuously with a Kansas 

sampler Core was retamed m core boxes and logged (see Appendm B) Because these locatloxu are 

outside the IHSS boundary core was screened by field mstruments and no enwonmental analytrcal 
samples were collected However one soil sample from each locabon was collected for soil moisture 
analysis Piezometers were installed in each borehole and subsequently developed 

A single well pumpmg test was performed at well 59593 on May 11 1994 Thls test was performed when 

the stauc water level was hgher than at the ume of the previous slug test Tbrs allowed the 

hydrostraugraphc unit to be stressed more than 111 the previous test. The results of h s  test are presented 

m Appendix D 

In order to more completely evaluate the presence and quality of groundwater at and downgrAent of 

MSS 115/196 addihonal groundwater samples were obmned Because the presence and quanmy of 
groundwater appeared to be hmted h s  task consisted of three work elements 

0 Installabon and development of nine upper hydrostrattgraphc urut (UHSU) monitormg 
wells/piezometers five small diameter monitonng wells and six bedrock (LHSU) momtonng 
wells (Figures 2 4 and 3 16) 
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Measurement of water levels m all wellpomts smalldiameter wells piezometers and 
moxutormg wells that are along or north of Woman Creek, south of the south Buffer Zone 
access road east of the western edge of MSS 115 (approxunately locatlon CPT07393) and 
west of the eastern edge of IHSS 115 (approxrrnately locauon CpM5393) on a monthly basrs 
forone year and 

0 Collecuon and analysis of groundwater samples from any locatlon that was downgmbent of 
IHSS 115/196 provlded water level measurements mchcated the presence of a sufficient 
quantlty of water 

Installation of Groundwater Monitonng Locations Nme momtormg wells were mstalled m geotechcal 

boreholes where groundwater was or could possibly be encountered 

Five small diameter wells (57994 58294 58494 58694 and 58794) were placed m bedrock lows that 

were idenufied dunng the CPT invesugauon (but where water was not detected durrng the CPT 
mvesugauon) and in between exlstmg wellpoints Of the five smalldiameter wells mstalled four were 

lnstalled downgraent of IHSS 115/196 and one was mstalled in the surface d~stuxbance east of the 

Origmal Landfill m the viclluty of borehole 50792 These small diameter wells were installed usmg a 

small hydraulic d d l  ng that does not produce soil cuttmgs Composite soil samples were collected dunng 

dnllmg and subrmtted for analysis m accordance with the procedures outlrned m TM7 (DOE 19938) 

Analyhcal parameters for sod samples are specified m the OU 5 Work Plan and Table 3 1 2 1 of Volume I 

of TM15 (DOE 1994a) Twenty five composite samples were collected m th~s manner In additlon 

drscrete samples were collected at 2 foot mtervals for VOC analyses Forty three VOC samples were 

obtamed Groundwater was subsequently observed at locatlons 57994 58494 and a one ume 

measurement from 58794 

Table 2 3 presents summary stausucs for metals data from subsurface sod samples obt;uned from 

boreholes where momtonng wells were mstalled With the exceptlon of selemum metals were detected at 

concentrahons that were w i k  the ranges of both the background and pre TMl5 data. Selemum was 

detected at concentraUons that exceeded the pre Th415 data but were w i h n  the range of background 

concentratlons Radionuclides were detected at achvlues that were w i h  ranges of both background and 

pre TM15 data except amencium 241 and plutomum 239/240 (Table 2 4) Actlwtles of amencium 241 

and plutomum 239/240 were above those of background data, but were withrn the pre TM15 data As 
listed on Table 2 5 there were several orgamc compounds detected m subsurface soil samples However 
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these orgmc compounds were pnmanly detected at concentrauons below those detected m pre TM15 

samples or the repomg limt. or were common laboratory contarnulanu 

Six bedrock momtonng wells (57194 57594 59394 59894 71194 and 71494) were mstalled at MSS 
115/196 Three (57194 71 194 and 71494) were mstalled as part of the geotechcal program and the 

other three (57594 59394 and 59894) were mstalled specifically as part of the groundwater mvesagauon 

Figure 2 4 shows the locauons of the SIX bedrock momtormg wells around MSS 115/196 Data from 
these momtormg wells have been used to evaluate the hydraulic mteractlon between the groundwater from 
the UHSU and the lower hydrostraugraphc u t  (LHSU) (see Secuon 3 8 I) 

Five of the six boreholes for bedrock wells were geophysically logged with neutron natural gamma, 

gamma gamma density EM inductlon and caliper tools On the basis of the recovered core and the 
geophysical logs construcuon detluls were selected Wells were constructed with 2 mch nommal 

&meter PVC casmg with a 0 01 inch slotted screen Table 2 2 provides a summary of well completron 

dews Bedrock well 59394 was ongul ly  scheduled to be mtalled m borehole 56694 but because 

56694 caved m after bemg geophysically logged 59394 was dnlled 

Data acqulred from all six bedrock momtormg wells were helpful in evaluatrng the presence of an lnfened 

fault trace in the area of the Origlnal Landfill as presented m sectton 3 8 1 2 of h s  report (also m Section 

7 of EG&G (1995a) as mferred Fault 2) From the logs it appears that a marker bed is approxtmately 60 
feet higher in locauon 71 194 (west of the inferred fault) than m locauon 57194 (east of the inferred fault) 

Bedrock wells 57194 and 71494 are adjacent to UHSU piezometer 58394 and well 71194 is adjacent to 

UHSU piezometer 59794 Two potentlal water beanng intervals were identified on the geophysical logs 

from well 57194 Well 71494 was mstalled adjacent to well 57194 to screen h s  separate water b e m g  

mterval Water levels at these locattons in&cate a downward verucal gradient On the basis of the 

analytxal data, well 71494 appears to be screens across a weathered siltstone that is m apparent hydrolic 

connectlon with the UHSU No contarmnants were observed m LHSU bedrock wells 57194 57594 or 
59894 whch had sufficient groundwater for samplmg 

Measurement of Groundwater Levels Water levels have been measured m all the monitormg wells 

wellpoints small diameter wells and piezometers located m the immeQate vlcmty of MSS 115/196 

mcludmg the small diameter wells along Woman Creek Appendix C presents a summary of these water 
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level measurements for the pen& September 1994 through August 1995 Groundwater contour maps and 

&scussions of groundwater flow are presented tll Secbon 3 8 1 3 

Collectzon and Analysrs of Groundwater Samples Groundwater samples were obtamed from any 

wellpornt or small hameter well that was downgradient of IHSS 119196 if water level measurements 

mhcated the presence of a ssicient quantlty of water The first quarter of groundwater samples was 

collected from December 21 1994 to February 1 1995 and the results are summmzed rn h s  secuon 
Groundwater samples have been collected 111 the pnonty listed on Table 3 1 2 3 1 of Volume I of TM15 

(DOE 1994a) Table 2 6 presents a summary of locations that were sampled and includes a checklist of 

requested analyses for each Iocatron Tables 2 7 through 2 10 present summary statistm for data from 

groundwater samples obtamed from wells around MSS 115/196 these data are dscussed below 

With the excepbon of thalhum total concentratlons of metals m unfiltered samples are wirhm the ranges 

of the background data or the pre TM15 data (Table 2 7) Thalhm was detected rn only one sample and it 

was detected at a simlar albeit greater total concentraaon than both background and pre TM15 data. The 

consutuents m unfiltered samples that were detected above either the background or pre TM15 data were 

detected at concenuauons of simlar maptude to those data 

Concentraaon ranges of dlssolved of anumony calcium cobalt, and magnesium m groundwater samples 

exceeded ranges of both the background and pre TM15 data (Table 2 8) These concentrations were of 

sirmlar magmtude to both the background and pre TM15 data. Concentratlons of the remammg metals 

were withm the ranges of the background or pre TM15 data for groundwater 

Actlviues of radronuchdes in unfiltered groundwater samples at IHSS 115 were w i t h  the ranges of the 

background or pre TM15 data (Table 2 9) The ndonuchdes that had acuvitles above either the 

background or pre TM15 data, had acuvihes of simlar magmtude to those data With the excepuon of 

stronuum 89/90 acuwues of dmolved rachonuchdes in groundwater samples were withm the ranges of 

either the background or pre Th4 15 data (Table 2 9) The m m u m  acuvlty of dissolved stronbum 89/90 

achvity was 2 2 pCdL as compared to 1 8 and 1 83 pC& for the background and pre TM15 data 
respecuvel y 

As hsted on Table 2 10 there were 39 orgmc compounds detected rn groundwater samples Only 17 of 
these orgmc compounds were detected with a frequency of detecbon greater than 5 percent or in more 
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than three samples Moreover these orgmc compounds were pnmarrly detected at concentratlons below 

the contract requrred repomg limt 

TM15 (DOE 1994a) descnbed four au quality 

mvesugauons RAAMP special OU 5 ambient au samplers an mvesugatlon of the wmd resuspension 

potenual and an e x m a u o n  of  the volattlizauon of soil gases Operatton of the RAAh4P and OU 5 

samplers has conmued as part of the roume au quahty momtonng programs at RFETS TM15 (DOE 
1994a) recommended the invesugauon mto the volaullzatlon of gases from OU 5 only if rnhalauon of 

volatde chemcal species was detemed to be an exposure pathway of concern The lnhalatlon of 

volattle orgamc compounds by current or future receptors has not been designated a complete exposure 

pathway (Chapter 6 0) 

The remamder of th~s secuon hscusses the supplemental field mvesugauon mto the wmd resuspension 

potenual for soils rn OU 5 includmg presentauon of the objecuves methods and results of the study 

Wmd resuspension potentlals for all the OU 5 IHSSs are discussed m Secuon 5 3 3 2 

2 2 2 IHSS 133 (Ash Pits Incinerator and Concrete Wash Pad) 

Sechon 2 5 of Volume II of TM15 (DOE 1994a) prowdes a demled dscussion of the methodology for 

and results of the Phase I mvesugauon conducted at the IHSS 133 group pnor to implementauon of TM15 
(DOE 1994a) A summary of the informauon related to the IHSS 133 group and presented m Volume II 
of TM15 (DOE 1994a) is prowded in thrs secuon along with the results of implementauon of the 

acuviues proposed in TM15 Figure 1 2 shows the relatton of these IHSSs to RFETS Figure 2 10 is a 

larger scale map of the IHSS 133 group showing locatlorn sampled pnor to the tmplementauon of TM15 

2 2 2 1  stage1 

Stage 1 acuviues at the 133 senes IHSSs consisted of a review of hlstoncal aenal photographs to evaluate 

the extent of each disposal area. The results of h s  rewew are discussed m deml m Secuon 2 5 1 of 

Volume II of TM15 (DOE 1994a) In summary IHSSs 133 1 and 133 3 were mcorrectly located on maps 

prior to TM15 (DOE 1994a) The corrected locattons are shown on Figure 2 10 
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2 2 2 2  Stage2 

Stage 2 achvihes at the IHSS 133 sites mcluded surface radiologcal and geophysical surveys as were 

specified by the OU 5 Work Plan These aCtlVltleS are discussed in d e w  m Secuon 2 5 2 of Volume 11 of 

"3415 (DOE 1994a) and are summarzed m the follomng paragraphs 

A radiological survey of the IHSS 133 area was uut~ated m the summer of 

1992 usmg tnpod mounted HPGe gamma ray detector instruments T ~ I S  mUal survey did not cover the 

entxe IHSS 133 area and was followed by a second truck mounted HPGe survey to ptovlde full coverage 

for each IHSS 133 site In addihon to the HPGe surveys an instrument for the detecuon of low energy 

radiahon (FIDLER) was used to focus sampling mvestlgatlons w i h n  anomalies idenufied by the HPGe 

surveys 

The 1992 tnpod mounted HPGe survey identlfied two areas of anomalous urmum 238 amwty One of 

these areas also displayed an elevated mamum 235 actlwty The 1993 truck mounted survey corroborated 

the anomalous acuvity detected by the 1992 survey at one locabon but not at the other The area 

idenhfied by both HPGe surveys and the FIDLER survey was located imme&ately to the south and 

downslope of a small mound and depression As shown on Figure 2 10 it was idenufied as an area 

approximately 35 ft wide and 76 ft long The area has been posted as an RCA No €ustoncal mformauon 
regarding the ongm of the mound and depression was found d m g  lnvesugauon of tlus area, however 
borehole (58093) was Wled  w i h  the mound and encountered waste fill mmal (Secuon 2 2 3 2 m 
Volume I1 of TM15 [DOE 1994a1) 

The anomaly associated with the 1992 tnpod mounted HPGe survey that was not idenufied by the 1993 

truck mounted survey was also not confirmed by the FIDLER survey However the FIDLER survey 

idenufied an anomalous area m the vicuuty of this locauon 

Frequency domam EM and magnetometer geophysical surveys were conducted m 
IHSS 13q from October through December 1992 In addmon a hme-domam electromagneuc (TDEM) 

survey was conducted 111 IHSS 133 from January through February 1994 Th~s TDEM survey was 
performed with a Geomcs EM61 instrument, an instrument that was not awlable at the ume the other 
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geophysical surveys were performed The results of these surveys are discussed in d e w  m Sectton 

2 5 2 2 in Volume 11 of TM15 (DOE 1994a) 

The success of the frequency domam EM and magnetometer surveys m c o n f i i g  the locmons of the 

known ash pits or idenhfying unknown disposal sites was limted The magnetlc survey md~cated an 

anomaly on the west side of the IHSS 133 area, with &meneons simlar to those of the Ash Pits The 
TDEM survey produced excellent results (Figure 2 11) Th~s survey confirmed the locattons of several 

pits previously idenufied and corroborated results of the borehole program (Sectton 2 2 2 3) The TDEM 
survey idenufied several anomalous areas that reqwed further invesugatton as specified in Sectton 

3 2 2 1 in Volume I of TM15 (DOE 1994a) The soil borehole program and the mvesttgatton of TDEM 

anomalies are discussed later in this report 

2 2 2 3  Stage3 

Stage 3 acttviues at the IHSS 133 sites included the collectton of surface and subsurface sod samples m 
and around each IHSS In addition subsurface soil samples were collected from wthm the anomaly west 

of the IHSS 133 area identlfied by the magneuc survey These acttvihes are &scussed m deml m S a o n  
2 5 3 m Volume I1 of TM15 (DOE 1994a) and are summanzed m thls secuon 

The scope of work for the Stage 3 surface soil sampirng program IS described rn 

TM4 (DOE 1993d) There were two phases of surface sod samplmg 

0 Charactenze concentrauons of metals and polynuclear aromatlc hydrocarbons (PAHs) and 

confirm the results of the imttal HPGe survey for rdonuclrdes and 

0 Assess areas of elevated rdoacuwty that were identlfied after the second radmon survey 

was completed 

The surface soil samplmg program is &sassed m Sectlon 2 5 3 1 of Volume 11 of TM15 (DOE 1994a) A 
total of 20 surface sod samples were collected at 20 locattons m IHSS 133 Two sedrment samples from 
seeps were also collected Figure 2 10 shows the locat~ons of the surface sod and seep sediment samples 
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Elevated concentrauons of zmc and silver were detected in only a few surface sod samples Gross alpha, 

uramum 2331234 and uran~um 238 were detected with acuvlues exceedmg background UTLs The rauo 
of Uranium 235 to Urmum 238 mdxated that the uramum present 111 surface soils is prunanly depleted 

Uramum 238 None of the surface soil samples contauled detectable concentrations of PAHs 

zlnc anbmony and uramum 238 were detected at levels exceedfng background UTLs m the seep 

sedment samples The SVOC bis(2 ethylhexy1)phthalate was detected in one of the seep s a m e n t  

samples Neither seep sedunent sample conwed detectable concenmons of PAHs or VOCs 

&Uh&&s Based on the results of the aenal photograph revlew and geophysical survey TM7 (DOE 
19933) proposed a soil borehole program that mcluded dnllmg 28 boreholes and an undesignated number 

of shallow offset boreholes to be used m locatmg the Ash Pit(s) TM7 also proposed placmg a borehole m 
the central locatlon of any anomalous areas detected by the HpGe survey Sechon 2 5 3 2 of Volume I1 of 

TM15 (DOE 1994a) discusses dnlllng samphg and results of the borehole program 

The completed soil bomg program consisted of 53 boreholes (Figure 2 10) 

Two were placed m the mound north of a hot spot that was detected dutrng the HPGe survey 

0 Six were ongmally mended to be wells as part of the groundwater investtgauon however no 

groundwater was encountered and they were reclasufied as boreholes 
0 Seventeen were 10 to 12 foot deep offsets drilled to assist in locatmg the ash pits and 

0 The r e m g  28 boreholes were dr~lled III the loca~ons specified 111 TM7 (DOE 1993g) 

a 

Sod samples were collected from all of the boreholes except the offsets and four one ttme groundwater 

samples were collected with a Hydropunch 11 samphg devlce d u n g  dnllmg from boreholes located 

wthm waste fill matend that contamed groundwater 

Sod and groundwater samples from boreholes that encountered waste fill matend typically contamed 

concentrauons of metals and rdonuclides that exceeded background UTLs One sample contarned some 
asbestos contamng matenal (ACM) Samples from boreholes that &d not encounkr waste matenal 

generally contamed background levels of most constttuents 
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a A magnetrc anomaly west of IHSS133 was mvestlgated by dnllmg 
three boreholes(64493 64593 and 64693) along the long ms of the anomaly No ash, waste m m a l  or 

October I995 

groundwater were encountered m these boreholes The unconsohdated matenal encountered appeared to I 

i be undsturbed colluvium The analysis of sod samples collected from these boreholes m&cated one 

banum result, one nickel result., and two plutonium 2391240 results greater than background UTLs 

Results of the dnllmg mvesugauon of the magnettc anomaly west of IHSS133 mdmted that there was no 
ash pit or other disposal ulut in h s  area Tlvs conclusion was further supported by the results of the 

TDEM survey whch do not indicate the presence of any bmed waste matenal m h s  area. 

I 

2 2 2 4  Stage4 

Stage 4 acttvlhes at the IHSS 133 sites consisted of the mstallauon and samplmg of groundwater 

momtonng wells and aquifer teshng The implementauon and results of these actmtles are discussed m 
Sectton 2 5 4 of Volume I1 of TM15 (DOE 1994a) and are summanzed m the followmg paragraphs 

Nme locauons were dnlled in the MSS 133 area, rn the attempt to tastall the 

four proposed monitonng wells Groundwater was encountered m only three of the m e  locmons At the 

tlme TM15 was wrrtten groundwater samples were berng collected on a quarterly basis from only one 

well 58793 whch was producmg sufficient quanttttes of groundwater Dunng the implementauon of 

TM15 the other two wells 59093 and 63093 were sampled The results for these wells are mcluded m 
the paragraphs that follow 

A few metals were detected at levels greater than background UTLs m one or two soil samples collected 

durmg dnlling operauons Plutonium 239040 was detected at concentrattons exceedmg the background 

UTL in three soil samples taken from these wellshoreholes 

Analyses of unfiltered samples from well 58793 detected 12 to 18 metals at concentratrons exceed= 

background UTLs Analyses of filtered poruons of these same samples resulted m only manganese 

concenuauons greater than the background UTL Thrs well has also contamed above background 

achwttes of amencium 241 and radium 226 in unfiltered samples 
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A mulhple well aqufer pumpmg test was unsuccessfully attempted at well 58793 (see Sectlon 2 5 4 1 of 

Volume I1 of TM15 [DOE 1994a1) Thls test was repeated on May 10 1994 and the results are presented 

m Appendix D 

October 1995 

2 2 2 5 Ambient Air Monitoring 

Ambient atr momtormg actlvihes associated with the site charactenmon of MSS 133 were simlar to 

those conducted for the mvestlgatlon of MSS 115 (Sectlon 2 2 1 6) These acuwtles are &scussed 111 

Secuon 2 5 5 of  Volume I1 of TM15 (DOE 1994a) and are summanzed m the followtng paragraphs 

The sampling results of the special OU 5 sampler situated downwmd of MSS 133 were simlar to those for 

the IHSS 115 downwmd sampler Exarmnauon of the data for the special OU 5 sampler indicated that the 

urmum 233/234 and uraatum 235 results were wthm the same order of magnrtude for both the sampler 

downwmd of KHSS 133 and the sampler upwind of OU 5 These data seemed to mdicak no dscermble 

contnbutlons to ambient levels of either urmum 233/234 or urmum 235 from MSS 133 This same 

analysis appeared to apply also to plutomum 239/240 m the case of IHSS 133 Conversely the 

amencium 241 and ura~~um 238 average acuvlhes for the downwmd sampler were one order of 

magnitude greater than the average acuvitles of the upwmd sampler Contnbutlons to ambient levels of 

amerxcium 241 or urmum 238 by MSS 133 appeared possible 

No elevated orgamc vapor levels were observed d u g  field mveshgatrons of IHSS 133 Elevated beta 

gamma readmgs exceedrng a background of 250 cpm were encountered dunng borehole actlwtres at four 

locattons None of the results for ACM momtonng exceeded the Amencan Conference of Governmental 

Industrial Hygiemsts (ACGIH) 8 hour Tune Weighted Average occupauonal exposure l m t  of 2 fibers per 

cubic centlmeter Results mdxated that there were some potenbal for release of ACM dunng ground 

disturbance actlvitles 

2 2 2 6 Implementation of TM15 

Implementmon of field work outlmed m TM15 (DOE 1994a) for the IHSS 133 area began rn September 
of 1994 and was completed 111 August 1995 In summary the work consisted of 
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Invesugauon of TDEM Anomalies 

0 Groundwater Invesugauon and 

AuMomtormg 

Dews of this addiuonal work as well as the results are presented in the followmg subsecuons 

3 The TDEM survey identtfied many geophysical anomahes throughout 
IHSS 133 A comprehensive wsual mpecuon was performed over the emre geophysical survey gnd to 

idenufy areas where surface metallic d e h s  (1 e cans and fence posts) was present. Nme boreholes 

(Figure 2 12) were dnlled m four anomalous areas idenflied by the TDEM survey that could not be 

associated with surface debris Speclfically 

0 56194 is located approxlmately 10 ft southeast of the concrete pad, in the north-central 
poruon of IHSS 133 
55194 55294 59994 and 60094 are located approximately 25 ft north of IHSS 133 6 and 25 
ft south of the dut road underneath the power lmes (55194 was converted to a small-chameter 
well) (59994 and 60094 are located in the anomaly idenwied as TDEM 1) 

0 55694 is at IHSS 133 4 m the center of the TDEM anomaly associated with the northem 
trench approximately mdway between exlstlng boreholes 55993 and 5W3C and 

0 55894 55994 and 56094 were advanced on either end and in the center of the geophysical 
anomaly (TDEM 2) between IHSS 133 3 and IHSS 133 4 approximately 20 ft south of the 
dut road beneath the power lines 

A tenth borehole (58894) was dnlled m an adhuonal TDEM anomaly identlfied at TDEM survey 
coordinates 540 East and 180 South (Figure 2 12) The area is approxlmately 5 by 8 feet m area and 

descnbed as a small oblong mound Borehole 57294 was dnlled m the northern half of IHSS 133 1 
adjacent to bonng 56893 to ob- bulk ash samples of the waste fill for treatability studm bemg 

conducted for the OU 5 FS Table 2 2 includes a summary of these boreholes Table 2 2B presents the 

ueatability analytxal results from the bulk ash sample from bonng 57294 IHSS 133 2 TOXIC 

charactensuc leaching potentlal (TCLP) metal results from five composite subsarnples from the bulk 

sample indicated only one result for lead at 18 mg/L greater than the Land Disposal Restricuons (LDRs) 

for metals 

Tables 2 3 through 2 5 presents summary stausucs for subsurface soil samples obtamed whle 
mvesugaung the TDEM anomalies at IHSS 133 Bmum beryllium cadmum cobalt, copper lead 
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molybdenum selemum thallium, and zmc were detected m subsurface soil samples at concentrauons m 
whch exceeded the ranges detected m background and pre TM15 data (Table 2 3) Typically the lughest 

I 

1 
concentrauon detected was m sample BH00034AS from borehole 55994 dnlled 111 TDEM 2 I 

Concentrabons of the rewrung metals were w i t h  the ranges of either the background or pre TM15 data 

for subsurface soil samples 

, 
With the excepuon of plutomum 239/240 and urmum 233034 acuwues of donuclides m subsurface 

soil samples from boreholes w t t h  the TDEM anomahes were wthm the ranges of either the background 

or pre TM15 data (Table 2 4) The elevated acuvlbes of plutomum 239/240 and uramum 233/234 

detected were of smular magmtude to the pre TM15 data 

Table 2 5 presents summary stat~st~cs for orgmc compounds that were detected m subsurface soil 

samples from TDEM anomalies m IHSS 133 The only orgamc compounds detected were the VOCPCE 

and the SVOCs/benzoic acid bis(2 ethylhexy1)phthalate di n butyl phthalate and phenanthrene These 

five compounds were detected m only one sample at concentraUons that were less than the -mum 

concenuauon detected IU the pre TM15 samples 

Based on mformauon from geologic logs of boreholes and momtomg wells 

rn and around the MSS 133 area, with regard to bedrock topography and degree of saturated soils there 

were several areas where insufficient data exlsted after completton of the FSP outlmed m the OU 5 Work 
Plan (DOE 1992a) Consequently ten boreholes (55 194 55394 55494 55594 55794 56294 56394 

56494 56594 and 57894) were advanced and small-dmneter piezometers mtalled at locauons around 

IHSS 133 (Figure 2 12) Four (55494 55594 56294 and 56494) were installed downgradient of ash pits 

Five of these boreholes (55394 55794 56394 56594 and 57894) were located as close to the stream bed 
as possible Borehole 56394 could not be completed as a smalldiameter piezometer therefore 71394 was 
dnlled with an HSA drlll ng and a well was lnstalled These five locauons were not lnstalled as water 

quality monitonng wells rather they were piezometers whose only purpose is for collecung water levels 

Small diameter well 55194 was mstalled near TDEM 1 at the west end of IHSS 133 Subsurface sod 

samples (core) were collected conunuously with a Kansas sampler (with the exceptlon of 71394 whch was 

a twm of borehole 56394) retiuned in core boxes and logged (see Appendtx B) Because these locauons 
were outside the IHSS boundaries core was only screened by field instruments No above background 

readings were obtamed on any field instruments 
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Water levels were measured rn all the momtonng wells wellpomts and piezometers that are along or 
north of Woman Creek, south of the West Access Road, east of the west penmeter road and west of the 

eastern extent of the IHSS 133 area from September 1994 through August 1995 These water level 

measurements are summanzed in Appendix C 

Groundwater samples were o b m e d  from any momtonng wells smalldiameter well and wellpomts that 

were adjacent to or downgradrent of an IHSS or TDEM anomaly (except the piezometers along Woman 
Creek because they were not constructed for samplmg) If water level measurements lndrcated presence of 

a sufficient quantlty of water Specifically wells 58793 59093 63093 63693 63793 55394 and 56594 

were sampled Table 2 6 presents a checkltst of whch locauons were sampled and for whch analytrcai 

groups they were analyzed Tables 2 7 through 2 10 present summary stat~~hcs for the analyucal data 

from these groundwater samples The results of these analyses are discussed below 

Concentrmons of total metais were w i h  the ranges of either the background or pre TM15 data (Table 

2 7) Only alummum berylhum, iron potassium sihcon and vanadium were detected exceeding the 

background range These concentrations from samples of unfiltered groundwater were of sirmlar 

maptude to both the background and pre TM15 data Mean concentrahons of metals m these 

groundwater samples were sirmlar to those for the pre TM15 data. 

Concentratlons of dusolved metals were w i t h  the ranges of either the background or pre TM15 data 

(Table 2 8) Concenuauons of &ssolved mckel exceeded the dssolved groundwater background range but 

were detected with sirmlar frequency and concentrauons Selemum was detected m one groundwater 

sample at a concentrauon that exceeded the pre TM15 data, but the concentmuon detected was well w t h  

the range of background concentratlons 

With the exceptlon of radmm 226 actlvihes of rdonuclides in samples of unfiitered groundwater for 

IHSS 133 were w i b  the range of both the background and pre TM15 data (Table 2 9) Radtwn 226 had 

an acuvity that exceeded the background range but those acuvihes were w i t h  the pre "MI5 range 

With the excepuon of cesium 137 achvlhes of dissolved radionuciides rn the recent groundwater data for 

IHSS 133 were withm the range of both the background and pre TM15 data (Table 2 9) Dissolved 
cesium 137 had an actlvity that exceeded the pre TM15 range but the actlvitles were wirhm the 
background range 
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Volatde orgmc compounds methylene chlonde and acetone were detected m two groundwater samples 

from IHSS 133 (Table 2 10) Acetone was detected at a concentratlon margmily above the detecuon 

l m t  in one sample SVOCs bis(2-ethylhexyl)phthalat.e butyl benzyl phthalate di n butyl phthalate and 

& n-octyl phthalate were detected m one groundwater sample from IHSS 133 These four consUtuents 

were detected at concentrauons below the contract reqrured reporting hmts and are common field or 

laboratory c0ntarmnant.s Four TICS (cyclohexane (DOT) dodecanoic acid hexadecanoic md and 

octadecanoic acid) were also detected m groundwater samples from MSS 133 These four consutuents 

were detected at concentrauons below contract required reportmg bmts 

A visual survey to charactenze where bedrock crops out m the stream channel along the length of Woman 
Creek downgradient of the IHSS 133 senes area was conducted on October 14 1994 'Rus mformauon 

was used to revise the bedrock topography map and provlded input to the hydrogeologic model The 

survey &d not idenufy any locauons where bedrock crops out in the stream channel 

A pumping test was performed at 58793 whde water levels were momtored 111 63593 63693 and 63793 

The test was conducted on May 10 1994 Dah are presented m Appendx D The results of this test were 

comparable to those from the prevlous test reported m TM15 (DOE 1994a) Both tests were unsuccessful 
in obmmg the hydrogeologic charactensucs of the water producmg strata at tb~s locauon 

TM15 (DOE 1994a) descnbed four au-quahty mvesugauons RAAMP spemal OU 5 

ambient an samplers an invesugauon of the wnd resuspension potenual and an exarmnauon of the 

volatdizaoon of sod gases Operauon of the RAAMP and OU 5 samplers has conanued as part of the 

rouune a~ quahty monitonng programs at the Site The potenual for resuspension of contammated soil 

was not directly addressed m the mvesbgauon of IHSS 133 To make thls evalumon reqwred an 

esumauon of the corrected threshold fhctlon velocity of the soil The phased mvesugatlon procedures to 

acqrure corrected threshold fncuon velocity data for IHSS 115 are applicable to IHSS 133 and are 

discussed m Sectlon 2 2 1 7 

Because any VOCs would have been destroyed d u n g  the mcmeratlon process volaule chemcal species 

were not a concern in IHSS 133 Therefore no field work to measure the emrssion rates of volaule speaes 

was conducted for IHSS 133 
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2 2 3 IHSS 142 10 and 142 11 (C Ponds) 

Sectlon 2 6 of Volume II of TM15 (DOE 1994a) provides a demled discussion of the methodology for 

and results of the Phase I invesugauon conducted at IHSS 142 10 (C 1 Pond) and 142 11 (C 2 Pond) pnor 

to lmplementauon of work outlmed m TM15 A summary of the infomatton presented 111 Volume 11 of 

TM15 is provided below along with the results of implementauon of achviues proposed m TM15 Figure 
1 2 shows the relatlon of these IHSSs to RFETS Figure 2 13 is a larger scale map of the IHSS 142 ma. 

2231 Stage1 

Stage 1 acuvitles consisted of evaluatmg the exlsung data. The results of Stage 1 evaluauons were used to 

develop surface water and sedunent sampling acuviUes as presented m TM1 (DOE 1993b) The results of 
h s  evaluahon are discussed m Secuon 2 6 1 of Volume II of TM15 (DOE 1994a) and are also presented 

m detd in TM1 (DOE 1993b) 

2 2 3 2  Stage2 

There were no Stage 2 acuviues 

2 2 3 3  Stage3 

Stage 3 mvesugatlon acuvlues at Ponds C 1 and C 2 consisted of addiuonal surface water and sedlment 

sampling and the mstaIlahon and monitonng of wellpomts along Woman Creek and its tnbumes These 
acuviues are discussed m d e a l  in Sectlon 2 6 2 of Volume I1 of TM15 (DOE 1994a) the Hydrogeologic 

Data Summary Report (Appen&x A) and are summanzed in the following paragraphs 

W- Thls secuon presents a summary of surface water and sedlment 
sampling along the Woman Creek dranage mcludmg Woman Creek the South Intercept Ditch the C 

Senes Ponds and the pond like depressions in IHSS 209 These vanous samplmg locauons are discussed 

together rather than with thelr associated IHSS because they are all part of a smgle system Volume I1 of 
TM15 (DOE 1994a) presents detaded discussions of the result of each samplmg event by IHSS Also the 
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results of the surface water and seQment samplmg acttwttes at Ponds C 1 and C 2 are deWed m 

Appendlx A 

Twenty eight surface water samples were collected Erom vanous locauons m the Woman Creek dramage 

Water samples were obtamed dunng two base flow samphg events (November 1992 and March 1993) 

and three htgh flow samplmg events (March and May 1993 and Apnll994) Water samplmg achvlues 

conducted at the ponds consisted of two HydroLab surveys to develop depth profdes of the surface water 

sehment mte!rface at both ponds In addihon surface water samples were collected from the pond hke 

depressions at MSS 209 

Analyses of the data from the two base flow and fmt hrgh flow samplmg events inhcated that only a few 

samples contamed some analytes at concentrmons greater than those of background Tius m&cated that, 

m general constttuents were not seepmg 111to the creek and were not bemg washed mto the creek at rates 

sufficient to be detected at elevated concentrauons 

A general conclusion regardmg the ponds was that both thermal and chemcal stratdicmon of the C ponds 
was very weak to nonexlstent dunng all months of the year No concentratlorn exceedmg background 

Upper Tolerance Limt (BUTLs) were noted for rahonuchdes metals or orgmc consutuents associated 
wth the samples from the pond like depressions 

Stream sehment samples were also collected dunng a one m e  samplmg event at vanous locmons 111 the 

Woman Creek dramage One tune sehment samples were also collected from both ponds 

samples were collected from the pond like depressions at IHSS 209 when no water was present rn them 

dunng the surface sod samplmg discussed in Sectton 2 2 4 3 

Sdment  

Several constltuents were detected at concentratlons exceedrng background UTLs 111 stream sehment 
samples from vanous locattons in Woman Creek Based upon the pond sediment concentrmons and 

compmsons with background UTLs mercury banum calaum and zinc were detected at concentrahons 
exceeding background 

1 Thnty six wellpomts were installed along Woman Creek, as 
outhned in TMl (DOE 1993b) The wellpoints were located to comcide wth the Woman Creek channel 
gadloss sites prewously used to measure streamflows in Woman Creek by CSU and EG&G The results 

7 a 
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of the well point and gadloss measurements are summanzed in Section 3 4 and drscussed m detad m 
Secuon 2 6 2 2 of Volume I1 of TM15 (DOE 1994a) and Appendrx A 

2 2 3 4  Stage4 

Stage 4 acttvitres at IHSSs 142 10 (Pond C 1) and 142 11 (Pond C 2) consisted of the mstallauon and 

samplmg of groundwater monitonng wells Section 2 6 4 of Volume II of TMl5 (DOE 1994a) discusses 

the results of these acttvlues and they are summanzed m the followmg text. 
I 

Two momtonng wells were mstalled mediately downgradrent of each dam 

at Ponds C 1 and C 2 to momtor the saturated alluvium (Figure 2 13) Wells 50092 and 51 193 below 

Pond C 1 have been sampled on a quarterly basis when sufficient groundwater is present The wells below 

Pond C 2 (50192 and 50292) have not produced sufficient water for samplmg 

None of the soil samples collected from the wells contamed target analyte list (TAL) metal concentrauons 

exceeding background Plutomum 239/240 and amencium 241 were detected m soil samples and ~tl 

composite samples from drums of cuttmgs that represented the upper 15 feet None of the sod samples 

collected from the wells contamed pesticides or PCBs No SVOCs were detected III sod samples coilected 

from any of the wells however tentamely idenufied compounds (TICS) were detected m soil samples 

from all four of the groundwater momtonng well boreholes VOCs (acetone methylene chloride and 

toluene) were detected m soil samples collected from all four morutormg well boreholes 

Three groundwater samples collected from the wells below Pond C 1 had metal concentrattons exceedrng 

background UTLs Most of the results that exceeded background UTLs were from unfiltered samples 

Samples from these same wells also had radium 226 (total) and gross beta (dmolved) acttwues that 

exceeded background UTLs and detectible concentrauons of SVOCs Samples from the wells have also 

contamed elevated concentrauons of chlonde and total suspended sohds None of the groundwater 

samples collected from these wells contamed pesucides PCBs or VOCs 

A multtple well aquifer pumping test was successfully completed on well 51 193 located below Pond C 1 

Water levels were monitored m smalldiameter wells 63293 63393 and 63493 The resultmg 

transmssivitles ranged from 0 021 to 0 030 square ft per m u t e  (DOE 1994a) 
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2 2 3 5 Implementation of JM15 

No a ~ h o n a l  work at IHSSs 142 10 and 142 11 was proposed m TM15 (DOE 1994a) 

2 2 4  IHSS 209 and Other Surface Disturbances 

Secuon 2 7 of Volume II of TM15 (DOE 1994a) provides a detsuled discussion of the methodology for 

and results of the Phase I lnVeShgatlOn conducted at IHSS 209 the Surface Disturbance West of IHSS 209 

and the Surface Disturbance South of the Ash Pits pnor to implementmon of work outhued rn Volume I of 

TM15 (DOE 1994a) A summary of the mformauon presented m Volume 11 of TM15 (DOE 1994a) is 

provided in thts secuon along with the results of implementauon of achwhes proposed m TM15 (DOE 

1994a) Figure 1 2 shows the relatlon of these areas to the Site Figures 2 14 and 2 15 are larger scale 

maps of these areas 

2 2 4 1  Stage1 

Aenal photographs and oblique photographs covenng MSS 209 and the two other surface disturbance 

areas were reviewed to assess the locatlon and hstory of the surface disturbances The results of the aenal 

photograph review are discussed m d e a l  m Secuon 2 7 1 of Volume 11 of TM15 (DOE 1994a) and are 

summanzed below 

Aenal photographs lndicate that the vegetauon and upper sedments had been smpped from IHSS 209 

pnor to 1955 and that F o r  to 1964 several pits had been opened withm the site The revlew of the 

photographs subsequently resulted m both an extension of the overall length of the MSS as compared to 

the dimensions shown on Figure 2 7 of the OU 5 Work Plan, and some adjustments to the locatlons of the 

pits that were shown on Figure 2 7 of the OU 5 Work Plan Specifically Stage 1 aenal photo rewew 

resulted in relocating the eight pits ln the Surface Disturbance West of IHSS 209 appromnately 250 ft to 

the north (Figure 2 14) Three addrhonal pits were idenufied as a result of Stage 1 achvihes and 

confirmed dunng the Stage 2 field recomsance  

The Surface Disturbance South of the Ash Pits is shown on Figure 2 15 and consists of an area of 

dsturbed ground as well as an area that contarns two open and two recliumed pits The locatlons of the 
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reclzumed pits shown on Figure 2 15 have been corrected as a result of Stage 1 acttvittes accordmg Q 

scaled locauons from the aerial photographs and do not agree with the locauons shown on Figure 2 6 of 

the OU 5 Work Plan (DOE 1992a) 

October I995 

2 2 4 2  Stage2 

Stage 2 achvlhes at MSS 209 and the other surface disturbances consisted of a visual mspecuon of each 

site to c o n f i i  the mformatton obmed in Stage 1 and to evaluate if any debns or stmmg mQcauve of 

waste lsposal are present Stage 2 also involved the performance of surface r~ological  surveys over 

each site The results of these acuvlties are discussed in deml in Sectton 2 7 2 of Volume II of TM15 
(DOE 1994a) and summanzed 111 tlus secuon 

A visual inspechodsite reconnrussauce of IHSS 209 and the other surface &sturbanes 

was conducted on September 24 1992 The following paragraphs suxnmanw the results of h s  lnspectton 

for each site The features descnbed m these paragraphs are shown on Figures 2 14 and 2 15 

ZHSS 209 The pond southwest of the road near the center of the slte was found to be dry with a basln at 

least 10 ft 111 depth The pits shown throughout the area are small shallow excavmons that are shll open 
or parually backfilled There was no evidence that these pits were ever used for the disposal of waste 

matenals The Stage 2 field reconnatssance confinned that no sigmficant debns or stamng exlst to 
mdicate that waste disposal had occurred It appears that the largest disturbance on the northeast end of 

the area may have been used as a source of gravel pnor to 1955 

SurJace Disturbance West of ZHSS 209 Stage 2 field reconniflssance confiied the locauons of all eight 

pits idenufied on aenal photographs The largest pit is located near the center of the site and was found to 

be several feet deep The largest pit was dry at the ume of the mspechon but holds water dunng pen& of 

wet weather or snow melt and is now the host to a fauly large cottonwood tree mQcaung that the site has 
been open for a long penod of m e  The r e m m g  pits are small and shallow appear to be capable of 

holdmg water dunng wet weather and are heavlly revegetated There is no mdcatlon that any of these 

pits had ever been used as disposal sites It is unclear what use the pits may have served The OU 5 Work 

Plan speculated that these pits may have been part of a planned radto tower mstallatlon However the 
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confgurmon of these pits and the fact that the pits are located on a hullside rather than the top of the hdl 

mdicate that ths may not be the case 

Sug'luce Disturbance South of the Ash Pits The field recomassance of the Surface Disturbance South of 
the Ash Pits confirmed the exlstence of the features noted m the OU 5 Work Plan and idenWied on the 

aenal photographs The disturbed area located in the southwest half of the site conssts of large cobbles 

and small boulders of the Rocky Flats Alluvlum and appears to have been dumbed for a possible borrow 

area. However there IS no staumg or debns associated with the site that would m&cate drsposal of any 

waste had occurred 

Sectton 7 2 4 of the OU 5 Work Plan speafied that IHSS 209 and the other surface 

&swbances be surveyed with a FIDLER These surveys were performed on a gnd as descnbed 111 Sectlon 

2 7 2 2 of Volume II of TM15 (DOE 1994a) The FIDLER surveys of IHSS 209 and the other surface 

dmxbances did not idenbfy any areas of above background radmon The random survey of the 

pondseep area on the northeast side of IHSS 209 also &d not mchcate any above background levels of 

radiahon 

2 2 4 3  Stage3 

Stage 3 actrvitles at IHSS 209 and the other surface disturbances consrsted of the collection of samples of 

surface water and sediments in the water filled pits Surface and subsurface soil samples were also 

collected at IHSS 209 and the other surface disturbances under Stage 3 These actlvltles are discussed rn 
Sectlon 2 7 3 of Volume II of TM15 @OE 1994a) and summanzed m W secuon 

1 Results of surface water and sedment sampling were &scussed 

m Sectlon 2 2 3 3 

The surface soil samplmg program for MSS 209 and the other surface 

&sturbances is descnbed in the OU 5 Work Plan and m TMlO (DOE 19931) Samples were collected at 

19 locations as shown on Figures 2 14 and 2 15 None of the samples contamed metals m concentrmons 

that exceeded background UTLs and did not conmn detectable concentrahons of pestlcides or PCBs 
Approximately half of the 19 surface soil samples contamed plutonium 239D40 acbvltles exceedmg the 
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background UTL and approximately half of these samples also contatned amer~cium 241 actlvibes greater 

than the background UTL The samples wth above background acttvmes of  &onuchdes were collected 

from all three of the surfacedsturbance sites The plutomum 239/240 actlvity (approxlmately 5 pCdg) of 
one sample collected at the Surface Disturbance West of IHSS 209 was the hghest detected m surface sod 

samples from any of the OU 5 IHSSs and consequently addmonal sampllng was conducted under the 

implementatlon of TM15 Seven of the surface soil samples also contarned detectable concentrauons of 
svocs 

Sechon 2 7 3 3 of Volume 11 of TM15 (DOE 1994a) drscusses the results of 
the borehole program as well as the rattonale for the number of  boreholes One borehole (57693) was 

drllled in the Surface Disturbance West of IHSS 209 (Figure 2 14) and three boreholes (57793 57893 and 

57993) were dnlled in the Surface Disturbance South of the Ash Pits (Figure 2 15) 

None of the boreholes dnlled at the surface disturbances encountered groundwater The analyses of the 

subsurface soil samples idenufied one sample in wtuch the concentrabon of chromum exceeded the 

background UTL One sample contamed a plutonium 239L240 achvlty greater than the background UTL 
Pesucides and PCBs were not detected 111 any of the samples collected Benzoic acid a SVOC was 

detected 111 at least one sample from each of the boreholes Methylene chlonde was also detected m 
several samples 

2 2 4 4 Implementation of TM15 

Implementauon of field work outlined 111 Sectton 3 4 of TM15 (DOE 1994a) for IHSS 209 and the Surface 

Disturbances began in September 1994 In summary the work consisted of 

Surface Rahological Surveys 

0 Surface Soil Sampling and 

8 AH Programs and Wind Resuspension Study 

Because Stage 3 surface soil sampling and analysis indicated elevated 

levels of rdonuclides (specifically plutomum 239/240) the followng surface rdologtcal surveys were 

conducted at IHSS 209 and the other surface dwurbances 
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anHPGesurvey and 
0 a FIDLER survey of HPGe anomahes 

To provide full HPGe coverage of the areas of interest a gnd spacing of 150 ft was used In addihon to 

providmg full coverage th~s geometry also reduced the size of the areas that needed to be FIDLER 

surveyed to a manageable size The HPGe survey mdicated 24 anomalous areas with detectable 

amencium 241 w i b  IHSS 209 the Surface Disturbance West of IHSS 209 and the Surface Disturbance 

South of the Ash Pits (Figures 2 16 and 2 17) The HPGe detector is not capable of measuflng plutontun 

239/240 Therefore amencium 241 a daughter product of plutomum 239/240 was used as an indicator 

to identify those locahons where plutomum 239/240 may be present in surface solls 

FIDLER surveys of the HPGe anomalous areas detected readmgs above background at six HPGe locattons 

These six HPGe anomalies and above background FIDLER areas are as follows 

0 HPGe K 56 FIDLER K 56A (25 Wed4 North) approxlmately 46 ft south of HPGe stauon 
K 56 was fnsked with a Bicron B 50 beta/gamma probe with readmgs of 66 cpm 35 cprn 70 
cpm and 61 cpm above background 

0 HpGe K 57 FIDLER K 57A (10 Westf90 North) approxlmately 60 ft northeast of HPGe 
stauon K 57 showed FIDLER counts of 350 cpm above background 

0 HPGe L 55 FIDLER L 55A (0 West/100 North) located at the "E comer of L 55 gnd 
showed elevated FIDLER counts of 500 600 cpm above background 
HPGe H-60 followmg are coordmates with FIDLER counts above background 
(0 WestllO North) 600 cpm 
(16 West/60 North) 600 cpm 
(28 IVestf96 North) 650 cpm 
HPGe I 62 followmg are coordmates with FIDLER counts above background 
(100 WestfSO 100 North) 350 cpm 
(92 Wed50 North) 600 cpm 
(66 Wed30 North) 600 cpm 

(8 Westl65 North) 750 cprn 
(28 Wed55 North) 600 cpm 
(36 West/25 North) 625 cpm 

0 

West of 

0 No areas with actmty above background 
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0 HPGe M 14 FIDLER M 14A (90 WestI90 North) located approximately 70 ft northwest of 

HPGe stmon M 14 showed elevated FIDLER counts of approxlmately 750 cpm above 

background 

Surface Soil S- Surface soil samples were collected from locauons with the greatest acuwty as 

idenufied by the surface radiologml surveys Samples were analyzed for amencium 241 and plutonrum 
239/240 A total of SIX samples were collected from the five HPGe a n o d e s  wi- IHSS 209 (Figure 
2 16) One sample was collected at each of the FIDLER anomahes K 56A and L 55A (SS 133194 and 

SS133294) Two samples were collected from each of the HPGe anomahes idenUied at stauons H 60 
(SS133594 and SS133694) and I 62 (SS133394 and SS133494) The relatrvely low acuvihes detected 
with the FIDLER at these two smons did not warrant the collecuon of surface soil samples at the locauon 

of each FIDLER anomaly Therefore one sample was collected at the two FIDLER anomahes with the 

greatest number of counts At HPGe anomaly H 60 one sample was collected at cootdtnates 8 Wed65 

North (SS133594) and one was collected at coordmates 28 Wed96 North (SS133694) Smlarly samples 

were collected from the two FIDLER anomalies with the greatest number of coullts w i t h  HPGe anomaly 

I 62 (coordmates 92 West/50 North SS133494 and 66 West/30 North SS133394) Due to the relattvely 

low acuwues detected with the FIDLER at anomaly K 57A the collecuon of surface sod samples was not 
warranted 

One sample (55133894) was collected from FIDLER anomaly M 14A at the Surface Disturbance South of 
the Ash Pits (Figure 2 17) As d~scussed m Secuon 2 2 4 3 a relattvely high acttwty of plutonium 

239/240 was detected m a surface soil sample collected from the Surface thsturbance West of MSS 209 

(sample SS50075AS) The plutomum 239/240 acuwty detected at thls locmon was the pnmary reason 
that addmonal radiologcal surveys and surface soil samphng were necessary at these sites Although the 
HPGe survey did not detect amencium 241 and plutonium 239/240 m the vicmty of &hxs locauon an 

adhuonal surface soil sample was collected at this locauon (Figure 2 16) as a venficauon and quality 

control check 

Detected acuviues m these surface soil samples were w i b  the range of acuviues of prewous work 

(Secuon 2 2 4 3) However both plutomum 2391240 and amencium 241 acttmttes typically exceeded all 
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but the hghest acuvity from prewous soil samples (Table 2 13) None of these samples had acuviues that a 
exceed the lognormal background UTL (7 66 pClg for amencium 241 and 25 86 pCdg for plutonium 

2391240) 

TM15 (DOE 1994a) described an mvestlgatton for esumatmg the wmd resuspension 

potenual of surface soil However the potenual for resuspension of contammated soil was not drectly 

addressed m the mvesugauon of IHSS 209 and the surface disturbances To make h s  evaluatton requves 

an esumatlon of the corrected threshold fncuon velocity of the soil The phased investrgatton procedures 

to acqure corrected threshold fnctlon velocity data for IHSS 115 are apphcable to IHSS 209 and the 

surface disturbances and are discussed in Sectron 2 2 1 7 

2 2 5 Environmental Evaluation/Ecological Risk Assessment Investigation 

Secuon 9 of the Work Plan Envlronmental Evaluauon Plan was designed to descnbe the requuements 

for carrymg out an ecological nsk assessment, (ERA) The i ~ t l a l  field samphg plan (FSP) was mtended 
for screening purposes and basehe site charactenzauon The overall ERA Work Plan Described an 

iterauve approach with revisions planned after chermcals of concern receptors and contamulant pathways 

were idenufied The Work Plan Sectlon 9 was modlfied in February 1993 The 1993 revlsed FSP was 

transrmtted to the EPA and CDPHE by the DOE but approval of the document was not requested and the 

0 

regulatory agencies did not provide a formal review or approval 

In October of 1994 the approach to ERAS for the Site changed from an OU bases approach to a watershed 

approach for Woman Creek and Walnut Creek To accomplish ttus a sitewide ERA methodology was 

drafted and approved by the regulatory agencies As a result the scope of the Woman Creek ERA expand 
from OU 5 to include OU 1 part of OU 2 and part of OU 1 1  The moMied field samplmg plans for the 

OUs encompassed by the watershed ERAS are located in Appen&x N and are not duplicated here 
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Table 2 28 
TCLP Extraction Results IHSS 133 2 (Loation 57294) 

r 

Aluminum 

Antrmony 

Arsenic 

Banum 

Beryllium 

Cadmium 

Calcium 

Chromium 

282 78 0 02u 0 02u 0 02u 0 02u 0 02u 

I 6138 0 5u 0 5u 0 5u  0 5U 0 5U 

Manganese 

Total 
(mq/Kg) 

148666 

I Molybdenum 

TCLP#1 TCLP#2 TCLPIM TCLP #4 TCLP #5 
OWL) (mgR) (m*) (mgil) (mq/L) 

0 356 0 666 0 3U 0 3U 0 3U 

Nlckel 

Phosphorus 

16 78 

139436 

62 263 76 

825 

Selenium 

Silver 

Strontium 

Thallium 

Tiianium 

Vanadium 

Zinc 

005U . 0 07U 0 05U 0 058 0 05U 

3778 9 078 4 648 4 676 2696 . 

0 2u 0 288 0 2u 0 2u 0226 

0228 0 518 0 268 18 5 0 878 

Qualifiers B=ap 
~ ~ u=cc 

3 376 36 

525 16 

14 38 

26 766 30 96 33 716 35 048 28 666 

1638 2 398 168B 158 1178 

0 1u 0 1u 0 1u 0 tu 0 1u 

293 03U I 03U I 03U I 03U I 03U I 

80 8 

89 96 

54 16 

29 U 

33796 I 1188 I 1368 I 1278 I 1528 I 1376 I 

0 5u 0 su 0 5U 0 5U 0 518 

0 03U 0 03U 0 03U 0 03U 0 03U 

0 978 1118 1 298 1298 1088 

0 3U 0 358 0 318 O W  0 3U 

8248 I 0096 I 0128 1 0068 I 0138 I 0068 I 
648  I 0686 I 0638 I 0678 I 0798 I 0826 I 

1 43876 I 227348 I 309976 I 43756 I 387616 I 331 346 I 
I I I 

140 3 I 005u I 0 05u 005U I 005U I 0 05u 

1958 I 0298 I 0228 I 0278 I 0218 I 0226 I 
97466 I 05U I 05U I 05U I 05U I 05U 1 

mars in blank 
itract detection lima 
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Constnuen! OU5 or Nmbm 
(COCs are 8rdrgrwnd of 
BoUtabc) Data ssnplr 

copper Background 39 
Geolech 26 
1 l5GW 25 

133-lDEM 24 
Pw-TM15 239 

115GW 

17 115GW 

133-TDEM 
WTM15 237 

wmm - 9 9  
Gearck 28 
1 l5GW 25 

133-TDEM 24 
PfeTM15 239 

Mmg- w- 99 
GeoIadl 26 
1 l5GW 25 

133-lDEM n 
P*TMlS 238 

MNay - 8 6  
Gwtodl 28 
115GW 24 

133TDEM 18 
PlbTM15 223 

Wybdenm Rxkgnnmd 99 
Gearoh 26 
1 l K i W  24 

1SlDEM 24 
h T M 1 5  2 3  

Fldul 98 
OIOrwh 26 
llWW 25 

133-TDEM 24 
PlbTM15 239 

PotuuUm m- 98 
clrouch 26 
115GW 25 

133-TDEM 24 
PfeTM15 239 

Tabk 2 3 (Contlnuod) 

Rangod Peram Rangsot RwPd Mwn sluldua I RIpabno Dm- Nondated D&U&d Carcmmn Rmm 
1 -  Concennnonr canc*nmorr 

IWb) ‘WW fm)llg) 
5 I 2 1  9495 5 11 22 123 1258 12 n 

(mplkg) 

25 100 NIA 139 312 21 92 395 
5 25 80 125 1745 8 8  424 1925 683 

043 25 96 71 5 8  8$50 801 63 1 843.23 
5 I 9874 I 5 1025 I 3 6  6,920 I 8245 I 501 93 
W d OU 5 Data nd PerWftl Chr g(I IrOm PmTM15 Mom 11209 38% 

20 252 I 100 I NIA I 1300 132wO I 14531M I 1325727 

20 I 100 I NIA 
Mean d OU 5 Oala nd Peranl Change fmn PreTM15 Mom - 17,077 00 4 

1 6 1  I 9899 I 4 I 2 8  sa I 10.85 I 7 07 
3 100 NIA 65 21 18 82 3 47 

0 6  3 100 NIA 5 3  223 15 20 4 67 
043 3 100 NIA 39 5200 318.50 110868 
0 6  15 100 NIA 2 9  936 31 U 9839 

5Bx 
2 1 2 6 1  6162 2 9  261 37 43.2 999 8 51 

100 100 NIA 3 8  10.9 7 41 llul 
20 100 92 10 2 45- 15 7 8 97 388 

258-100 98 10 10 2 8  179 857 4 44 
20 8565 20 14-29 855 479 
Mean d OU 5 Dm nd Param Changolrom PrrTM15 Mrrn - 1% 

W d OU 5 D l t l  nd PwcrCnchmprha PeTM15 M - 49011 

810  
110 2420 9596 713-11755 1180-32.5W 2- 3,24635 

5wO 100 WA 1450 54UO 3 1 8 4 2  100400 
loo0 5wO 100 NIA ea 5336 3243.06 I lW.54 
752 5 w 0  100 NIA t x a - w o  27a.m 187528 

1.ooo I 100 NIA 392-6rn 2,- 1.35351 
M d OU 5 D l t l  W P m  Cham lm PIbTM15 )ikn - 

3 73 100 NIA 37 3.330 217 61 341 OB 
15 100 NIA 417 4w 281 90 12080 

3 15 100 M 100 4110 250 46 11887 
0245 15 100 NIA 423 2150 r)(M# 450.27 

3 100 MA 284 1.510 261 I 1  245 07 

2,68267 3% 

MundOU 5 D I t r  uld P m  ChrngrhOm P*TM15 Mwn - 265.2E 1% 
O M  0 3  2558 005 5 9  0 1  064 0 18 034 

0 2  42 31 0 1  0 1  ow 0 1  ow 0 01 
0 1  0.2 33 005 01  000 011 009 002 
01-02 44 0 1  008-038 0 11 008 

0 1  I 21 52 I 01 013 I 005-14 I 009 I 016 

21-40 1 5051 I 25 676 I 8 81 
WdOU5Dm W P ~ C h ~ ( r o n P * f M l 5 M -  009 1% 

84 I 40 I 0 9  190 I 2018 I 13 73 
MwndOUSDltl n 6 P ~ C h ~ I ~ P d M l S M r r n -  3272 62% 

8 194 I 8542 1 94 521 I 43 1 w  I 18.81 I 209 
40 100 MA 8 3  37 18.55 8 21 

8 4 a  88 164 243 45 102 22.54 2082 

8 954 8 9 9  2 7  4750 3 7 9  30657 
M~ndOU5Da ia  mQParamCh n1plmnbIM15Mrrn- 35.91 4% 

1- 206424 
I 5000 100 WA 735 1780 1.274H 253 011 

782 5000 96 5Jo 470-3030 121846 593 01 

h4NIldOUSD U M S m  h l a P l b W 1 5 M -  1.33459 1% 

2 9 - 4 0  100 MA 66 365 50s am 

110 2420 5204 373 IS400 654 1 8 m  

lwO-SwO 84 500 2 140 473 3750 1 4 3 7 a  w 7a , loo0 887 3(10 5585 327 7.040 1,341 99 748 86 
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Tabk 2 4 
Summaw tor Rdionuclklo Data from Subrurbo-Soil Sunoh 

(Ccnsbtuent 
(COCS are 
Bdmllc) 

OU5 or Number Rang, of Mom Strndud 
Background ot Acevlbrr Actmly Dmrbon 

Data Samples ‘pCJg) (PCJiI) 

i 

Totd ActMtw 
Amwlcium 241 Background 28 

G e o M  24 
115 GW 25 

133 TDEM 21 
Pro TM15 239 

4 015 - 0 01 4002 0 007 
40119 02572 0 033 0065 

0-008  0 01 0 02 
0 0 2  0 05 006 

4016 061 0 014 0 053 

Plutonium 239/240 
Mean of OU 5 Data X Change from PrbTM15 Mm - 26% 

Background 99 -001-003 0004 0 007 
GOOW 24 40019 00382 0 007 0009 
115 GW 25 0-008 0 01 0 02 

133 TDEM 25 0 516 0 31 1 03 
PreiM15 231 4 0 3 - 3 2  0053 0 251 

0 02 

Unnlum2s;v1sJ Background 99 
GOOtOCtl 24 
115 GW 29 

133 TDEM 27 
PrsTM15 244 

0 2 - 8 9  om 0932 
078915 1576 1157 0 212 

058-151 096 0 25 
038 28829 25 01 70 38 

035 128 3 %  15811 

Unnlum2S 

Unnlum2a 

Alpha 

%mofOU 5 Data% Change hom b T M 1 5  Mm - 007 20% 

fikm Ot OU 5 Data X Chaw from Ptc’TM15 M a  - 32% 
Background 99 o w - 0 2  002 0048 

GOOW 24 40031 01214 005 0 023 
115 OW 29 001-013 0 0 4  0 02 

133-TDEM 27 001-3612 230 7 49 
Pfe-TM15 245 4006-3766 0 49 3 017 
Maan of OU 5 Data X Change from Pn-TM15 Mm - 16% 

BaCkpund 99 0 2 - 3 2  0733 0 376 
Globdl  24 08265 1576 1150 0 192 
115 OW 29 062-145 0 97 023 

133-TDEM 27 0 37 - 933 04 78 59 237 96 
b T M 1 5  245 043-1 le0 1 7320 113988 

5# 

057 

hkrn of OU 5 Data ?4 Change from PfbTM15 Man - iau 
Background 99 5-48 24 915 9 284 

GOOtOCh 25 9354 1933 13 973 2 814 
115-GW 29 959-29 15 00 533 

133-TDEM 28 5 8 - 41820 65 78 11081 
PraTM15 221 559-742 26 573 65 713 
Maan of OU 5 Data K Chango from PraTM15 Mm - 2- 6% 

Beta BIckaorwl 99 8-44 24 717 6 081 
GOOW 25 2288 3781 27 180 2 915 
115-cIw 29 1970 3042 27 03 409 

133 TDEM 28 1364 69092 11597 216 25 
Pn-lM15 222 7 5 - 1  580 45 759 125811 

, Moan of OU 5 Data K Chango from Pre-TMlS hkrn - 1191 m 
Notes OU 5 data whm 
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TMl5 Sampllng Summary 
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Cornpleaon I 1 
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Summary Statirtlc8 for Total Metals from Groundwater Samples 

Consbtuent OU5 or Number Rangeof Percent Rangeof Range of wan" standard 
Background of Reporting Detechon Non-detected Detected Concentram Deviabon" 

(COCs are Dah Sampler Limits (@I) Concentratiom Concmtratww (W) 
Boldlltallc ) (udl) (udl) 

TOW Conc.ntr8tionr 
Alumtnum Background 149 18-200 91 28 226 200 288-63900 349555 7 758 70 

lHSS115 11 11-200 100 NIA 12975-42800 1262335 1701988 
lHSS133 4 11 -26 100 NIA 47-103000 4578675 4273307 
Pie-TM15 17 18-200 8824 200 1,100-357,000 6618618 99719BO 

Mean of OU 5 Data and Percent Charm from PmTM15 M..n - 48,224 03 -32% 
Anbmony Background 141 17-60 1631 7-70 71 -888  18 37 11 19 

lHSS115 13 2-60 15 1-30 135-137 2022 11 71 
lHSS133 4 2 13 0 1 - 6 5  NIA 490 263 

, PraTM15 16 17 60 125 27 60 392-408 25 44 869 
10% 

Arsenic Background 138 07-10000 1159 0 7  10 08-30  183 1 76 
lHSS115 13 1 10 38 15 -273  23-12 832 7 25 
lHSS133 3 1 3  33 0 7 - 4 7  2 6  2 67 2 
Pre-TM15 17 2-10 6471 3 10 1 1  -133 560 2 98 

14% 

Maan of OU 5 Data and Percent Cham from PmTM15 Msrn - 10 OS 

Mean of OU 5 Data and Percent Change from plaTM15 MOM - 6 41 
Banum Background 149 2 1 200 61 21 100-200 25 9 - 752 106 13 69 40 

lH!%115 13 04-200 100 NIA 371 -645 322 93 220 95 
lHSS133 4 04-12 100 NIA 137 - 819 38450 197 8 
Pre-TM15 17 16-200 100 NIA 23 7 - 3,040 873 95 87228 . 

Mean d OU 5 Data and Percent Cham from plbTM15 llkur - 003.93 -31% , 
Buy/lium Background 148 0 6 - 5  743 0 8 - 5  0 7 - 4 8  105 0 87 

lHSS115 13 0 2 - 5  40 0 5 - 2 5  021 - 2 6  2 01 0 79 
lHss133 3 0 2 - 1  100 NIA 2 2 - 8 7  4 07 235 

30% 
Cadmium '~ackground' 148 11 49 1-111 1 1 - 7 8  . 1 52 1 07 

lHSS133 4 16-3 0 8 - 1 5  WA 120 038 
Pre-TM15 17 2-5 2 5  4 2 - 8 2  2 71 1 Q8 

M o M ~ O U S  Oatrand Percent Cham from plbTM15 Mean - 2.30 12% 

Pre-TM15 17 1 - 5  64 71 1 - 5  155-294 038 801 . 
Maan of OU 5 Oat. and Percent Charm from PrrTM15 M u n  - 448 

lHSS115 13 1 l;i 0 8 - 2 5  2 1  - 4 9  233 094 

Calcium Background 149 174-5000 100 NIA 15950-186000 55-23 31 66778 
lHS115 13 34-5000 100 NIA 43800-237500 10091538 50451 10 
lHss133 4 34-20 100 NIA 48100-81500 5382500 6148 92 
Pre-TM15 17 149-5,oOO 100 NIA 53.200 - 413,000 117,244 10 84 410 57 

Wan d OU 5 0ah and Percent Chonqo from RbTM15 Mun - lOS,6S 70 12% . 
Cesium Background' 142 500-1000 10% 2-1000 30-90 151 81 20034 

IHS115 13 20-1000 0 10-500 FUA 287 29 239 81 
lHSS133 4 22-79 0 21 5-395 WA 31 83 7 54 
PlbTM15 17 13-1,ooO 1765 32-1000 13-40 20s 71 215 93 

10% 
Chromium Background 145 2-10 41 38 2 149 2 1  -729 12 30 6077 

IHSS115 13 18-10 31 09 -355  28-521 18 82: 17 25 
lHSS133 4 1 8 - 3  75 15 388- 110 47 83 45 28 
WTM15 17 3-10 7059 5 10 93-442 8434 12803 

36% 
Cobalt Background 148 27-50 1351 2 50 32 -394  756 988 

lHSSll5 12 14-50 58 4 - 25 54-245 18 63 7 56 
lHSS133 4 1 4 - 7  75 3 5  154-348 1787 12 91 
PreTM15 17 4-50 7059 6 50 58-181 42 13 41 17 

MOM of OU 5 Data and Percent C h a m  from PreTM15 M..n - 2W 46 

MOM d OU 5 Data and Percent C h a m  from WTM15 Maan - W 07 

MOM of OU 5 Dah and Percent Change from PraTMl5 Mom - 30 02 27% ~ 



Background 
(COCs are 
Eoldntalic 
Copper Background 

IHSS 115 
IHSS 133 
Pre-TM15 

Number Rangeof 

Samples bmits(ugn) 
of Reporbng 

148 2 25 
13 1 1  25 
4 1 1  3 

Percent Rangeof Range of MOM" S t a M  
Detacbon Non-deexted Detoctd Concmhtton DevrabonN 

Concenbabons Concentneom (Um 
(udl) (UWl) 

5405 2 775 1 105 943 11 12 
48 7 2  446 25-124 41 20 40 53 
75 5 4  263-75 34 43 29 25 

17 I 2 25 I 8235 I 25 I 11 15 420 I 101 11 I 12886 
Mean of OU 5 Data and Percent Change from PrsTM15 Mean - 70 30 

Iron Background 149 4 7  100 9329 11 8-449 65-97000 390027 
lHSS115 13 2 100 100 NIA 276 8 - 71 Bo 25 207 33 
lHSS133 4 2 - 7 3  75 141 36200- 110000 4743625 
Pre-TM15 17 5-100 8824 100 3,190-418.000 90.87000 

60,063 71 MOM d OU 5 Data and Percent C h a w  from PrsTMlS Mwn - 
Lead Background 141 08-3000 8312 1 5  1-5250 3 57 

lHSS115 13 0 9 - 3  62 1 5  13 -747  24 04 
I HSS 133 4 0 9 - 2  50 045-1  135-341 12 26 
Pe'TM15 17 1 - 5  88 24 5 12-240 5472 

37 99 

lHSS115 12 1 100 58 55-50 152-1815 55 22 
IHSS 133 4 1-14  100 NIA 23 7 -  75 8 42 23 
PreTM15 17 2 100 8235 17-30 5-308 73 72 

Mwn of OU 5 Data and Percent C h a m  horn PraTM15 Mean - 
,Lithium Background 149 2 100 7718 315-100 1 1  -266 33 25 I 

MeandOU 5 Dahand Percent Cham0 fKnnplaThmlSMlu,- OS10 I 
dagneslum Background 149 296-5000 9799 5000 2466-47900 1033061 

IHSS115 13 12-5000 100 NIA 9506-88800 2370000 
IHSS 133 4 12 - 37 100 NIA 14500-26#K) 18675 00 
PreTM15 17 45-5000 100 NIA 14,200- 113.oQo 34,- 12 

M m d O U  5 DIhmd P m t  C h m f r o m  prrTM15 M m -  20, m 8 7  I 
Manganoao Background 149 1-15 906 1 15 18-1950 92 17 I 

lHSS115 13 05-15 100 NIA 1845-3280 132564 
IHSS 133 4 0 5 -  1 75 5 7  417- 1 120 604 18 
PraTM15 17 1-15 100 NIA 14- 13,700 2.847 09 

Mwn d OU 5 Dah and Percent Change from RbTM15 Mwn - 2,OOJ 09 I 
Mercury Background 148 0 2  203 02 -022  021 -027 0 10 

lHSS115 13 0 2  23 0 1  02 -082  0 17 
IHSS 133 4 0 2  0 0 1  NIA 0 10 
PreTM15 17 0 2  29 41 0 2  024-3  042 

M.ur of OU 5 Dah uul IJwcent Change fromRbTM15Mm- 029 I 
Molybdenum Background 150 35-200 28 2 200 22 -805  23 64 I 

lHSS115 13 25-200 8 6-100 5.2 56 e8 
IHSS 133 3 2 5 - 3  33 5 - 8 8  3 5  577 
PrsTMl5 17 7-200 1765 11-200 11 1-16 463s 

Nickel Background 146 11-40 2808 2-40 2 1  -334 12 $0 

M.urdOU5 Data and P m n t  C h a m  from pIeTM15 hlku,- 40 I 1 

lHSS115 13 37-40 54 185-20 205 41 23 75 
IHSS t33 4 37-12 75 6 25 7 - 75 5 3406 
PrsTM15 17 10-40 8235 11 -40 13 6 .. 313 0 82 17 

M.mdOU5 D ~ h a n d  P-t C m  horn PMM15 Mwn- 54 17 I 
Potassum Backgmund 150 675-5000 7867 289-5000 243-8370 173024 I 

lHSS115 13 360-5000 62 2 500 1 190-11 500 491231 
IHSS 133 4 360-680 1.00 NIA 1450-13700 680000 
PreTM15 17 840-5.000 8235 5000 3870-49,700 11 881 76 

0,618 12 Mwn of OU 5 Dah and Percent Change from PreTM15 MOM - 
Selenium Background 145 1 4 - 5  2345 1 5  105-4SL) 764 

lHSS115 13 2 5  8 1 6 8  8 3  3 25 
IHSS 133 4 2 - 3  0 1 4 3  NIA 190 
PrsTM15 16 2 - 5  25 2 5  47-126 10 83 

6 so Mean of OU 5 Data and Perce t Cha qe from PrsTM15 MOM - 

30% 
9681 12 

27 234 94 
45802 5 

11436370 
33% 
5 53 
27 88 
15 76 
69 08 
31 % 

4846 
48 71 
23 15 
96 52 
14% 

794320 
1576002 
5517 47 

27.169 76 
1 0% 

18734 
1 22408 
493 99 

3 232 99 
30% 
002 
0 20 
0 

0 74 
32% 

3957 
48 37 
2 73 
4638 
1% 

28 44 
11 17 
29 44 
92 59 
34% 

117783 
3 679 45 
5088 98 

1305286 
27% 

41 84 
2 27 
161 

30 87 
37Y 

i 



(COCs are 

Sillcon 

Percent 
Detectton 

100 
100 
100 

Background 
IHSS 115 
IHSS 133 

0 Standard 
Non-detected Detected ConccMtrabon Devlam" 

Rangeof Rang. of Meall" 

Concentrattons C o m e r 1 t r 8 ~  (Wl) 
(ug/l) (Udl) 

NIA 131-118000 1557534 1540100 
NJA 4770-87500 3203423 2804825 
NIA 8050-140000 0028750 5461405 

Range of 

Lmits (ugll) 

1 4  lo00 
9 100 
9 120 

Reporbng 

Pre-TM15 I 17 I 13 100 I 100 I NIA I 7130-354000 I 79,04147 
61,214 71 Mean of OU 5 Data and Percent Change from PraTMl5 Mean - 

Slhrer Background 147 2 1  - 10 6 8  2-10 2 1  - 4 8  2 15 
lHSS115 12 2 10 17 1 5  82-11 2 4 70 
IHSS 133 4 2 4  0 1 2  NIA 1 25 
PlaTM15 17 3 10 2353 3 -  10 38 -532  735 

I 68 Mean of OU 5 Dam and Percent Change from Pro-TM15 Mean - 
Sodium Background 149 283 5 OOO 9886 5000 4300-194000 3008185 

lHSS115 13 10 5000 100 NIA 9780-184000 4259308 
IHSS 133 4 10 23 100 NIA 34900-47100 3972500 
Pre-TM15 17 55 SO00 100 NIA 13,600 - 120 OW 38 650 00 

40,W 12 Mean of OU 5 Data and Percent C h a n ~ ~  from PrsTM15 MOM - 
Sbonbum Background 146 0 8  200 8973 200 581-1  770 313 02 

lHSS115 12 0 2  200 100 NIA 232-1485 585 17 
lHSS133 4 0 2 - 1  100 NIA 387 - 478 420 75 
PreTM15 17 1 200 100 NIA 344-2575 789 97 

670 74 Mean of OU 5 Data and Percent Change frm Pm-TMlS Ma8n - 
Thallium Background 146 0 1 - 10 822 09 -10  1 - 1 3  158 

lHss115 13 1-100 8 05-275  3 8  5 58 
lHSS133 4 1 4 2  0 0 5 - 2 1  NIA 1 28 
PreTM15 17 2-10 588 3 10 1 3  305 

3 81 
Tin Background 149 5-200 805 9 4  200 145-531 30- 

lHSSl l5 12 89-200 8 445 100 403 86 10 
lHss133 4 69 -24  75 445 15-297 18 34 

72.00 
Vanadium Background 149 3-50 71 14 2-50 22-187 14 48 

lHSS115 13 15 -50  62 25 36 -939  4358 
IHSSl33 4 15-3  75 1 5  W4-103 8048 
PreTMlS 17 3-50 7647 4 50 19 85 - 674 150 03 

101 I S  
zinc Background 149 17 -20  7718 42 -366  59-491) 3585 

lHSS115 12 1-20 92 19 8 12B-201  81 83 
lHSS133 4 1 - 2  75 18 1 754-180 87 43 
PreTM15 17 3-20 8235 20 378-982 240 n 

1W I 1  

MOM of OU 5 Dah and Percent Change from PraTM15 MOM - 

, Pre-TM15 17 18-200 3529 28 - 200 304-300 88 01 
Mean d OU 5 Dah and Percent Chanqo from b ~ 1 5  Mean - 

Maan of OU 5 Dah and Percent Change from PraTMl5 M.m - 

MOM of OU 5 Dah and Percent Chanqe from PrbTM15 M.m - 
Notes OUSdatawheue 

8778449 
23% , 
182 
2 87 
0 5  

12 27 

4001971 
5037311 
5251 27 

25 878 96 
4% 

270 75 
370 58 
54 05 

521 30 
I S% 
179 
680 
068 
1 70 
26% 
36 52 
42 96 
11 07 
6434 
19% 

18 72 
2995 
75 64 

201 57 

50 33 
84 93 
67 45 

288 25 

23% . 

-33% , 

32% . 



CahM 

IHSS 115 25 2 5  4 1 25 3 1  230 0 51 
IHSS 133 8 2 5  0 1 25 WA 181 075 
PmTM15 14 2 5  0 2 5  WA WA NIA 

Mun d O U  5 Dam nd P m  ham P ~ T M l 5 k h m  - 1 0 M 
kkgmund 257 157 So00 100 NIA 17W lYa00  s53as.a a67270 
IHSS 115 25 7 so00 1W NIA 31000-235500 W.82400 5403281 
IHSS 133 8 6 5000 100 MA 25,!30-72## 43mw 14476 38 
Pm-TM15 14 29 5000 100 NIA 43m 1sb.WO 79.2921 35 514 55 

Cer um ' aackgmlmd 
IHSS 115 
IHSS 133 
PfeTM15 

Chrornum - 2 5 0  
IHSS 115 
IHSS 133 
PmTM(t5 

COW 
IHSS 115 
IHM 133 
PfeTM15 

hbm dOU 5 Dam nd Paam Chaw Iran Pm-TM15 hhm- &US## 3% 
212 5 2 m  8% 2 2400 304w 185 41 239 92 
26 20 lo00 0 10 500 NIA 393 42 198 81 
9 43 1000 0 215 500 WA 291 73 241 02 
14 13 lo00 7 14 13 1OOO 14 272.25 21382 

hbm d OU 5 DatJ nd PWcSm chuwlr ham P d M 1 5  W - -11 24% 
2 10 24 1 136 22 23.2 4 4 0  3 57 

26 2 10 0 1 113 WA 4s 2 47 
8 2 10 0 1 5  NIA 300 2 14 
14 3 10 0 3 10 WA WA NIA 

WA 
231 002-50 9 52 2 5 0  2 9.5 800 8 53 
25 2 5 0  28 3 25 34 133 17 17 998 
9 2 5 0  11 1 25 5 1  12 18 12 23 
14 4 5 0  14 29 5 5 0  57 111 11 45 10 72 

2nb 

Mun d OU 5 Oar nd P a m  Cham ham PrrTM15 khm am 

Mun dOL 5 Data nd Peram Cham fran PmTM15 Mrrn 1 U 7  
COPW B a c k g M  250 2 25 28 4 1 685 13 175 5 74 

IHSS 115 26 16  25 11 5 t 428 3 1  129 IO 75 
IHSS 133 9 16 25 11 98 4 4 7  23  1100 
PfeTM15 14 2 25 0 2 25 WA WA 

M N I I ~ O U S  atrandPar I .a grtranPm-TMlSMm- 7 74 

12 68 
8 50 
138 
NIA 

WA ~ 



'comiuum OU5 or 
bckgmlmd 

(CoCs are Data 
Boldmdc ) 
1m Background 

IHSS 115 
IHSS 133 
PreTMlS 

Numb R a g e d  Perarrt Rango d -91 M a  Slandlcd 
of Repomnl D e M m  Nondetectod [I- concrmtmn oevlatm 

Sanpbr Limts(@) CMWlWalION C W  ( U r n  

! I]) ldl) 
2 11065 28 8790 86 61 554 79 256 4 7  100 62 5 

27 18 100 85 2 3 167 327 29oMl 692469 10 872 10 
9 18 100 78 09  68  21  628 16123 208 91 
14 5 loo 78 57 5 457 247 34,900 8,636.80 10 489.84 

Tabla28 

Man of OU 5 
Lead ' Background 251 0 8  20 ' 14 74 

IHSS 115 26 09-5 7 1  
IHSS 133 8 09-5 13 
PrccTM15 14 1 3  0 

Mean d OU 5 
Uhum Background 250 2 100 7 0 4  

IHSS 115 24 1 100 20 8 
IHSS 133 8 1 100 50 
PreTMl5 14 2 100 35 71 

Magmum Badcground 254 01  5000 98.08 
Moon d OU 5 

IHSS 115 25 12 5000 100 
IHSS 133 9 12 soao 89 
PreTM15 14 45 5000 100 

Mangonmo &dulrwnd 256 1 15 60 16 
IWSS 115 24 06-15 too 
IHSS 133 8 06-15 100 
PreTM15 14 1 15 w m  

hkrcvy hckgmund 207 002 0 2  2 42 

Uern d OU 5 

Mw, dOU 5 

IHSS 115 24 0.2 0 
IHSS 133 9 0.2 0 
PreTM15 14 02 0 

Mwn dOU 5 
w- ufn kkglound 241 3.5 200 28 83 

IHSS 115 25 3 200 4 
IHSS 133 9 3 2 m  11 
PreTM15 t4 7 2 m  0 

Mun d OU 5 
NIW Backgmmd 238 002 40 22 03 

IHSS 115 26 41 40 308 
IHSS 133 8 4 1 - 4 0  25 
PmTM15 14 10-40 0 

Mwn dOU 5 

(Continuad) 

Data nd P m  Chango frm PmTM15 Mom - 0 1II  (i 2- 
0 4  57 0 8  64 1 54 4 76 
045 25 46-57 189 1 15 
045 25 092 136 0 97 

1 3  WA WA WA 
Dala and P m t  C h a w  ha PmTM15 Mom 1 s  UA 

1 100 12 250 3344 54 22 
1 5 0  125 172 47 28 3404 

50 106 20 31 54 19 97 
17 1W 42 30 14 H 11 90 

265 5000 2355 46300 10 015 78 830294 
NIA 88110-68900 2 0 w m  13 318 92 

2500 8090- 17oMl 9 a r n  m 6 1  

Oata a d  Perm ChunlrhomPrrTM15 Mun a 7 1  132% . 

NIA io,ioo-n 200 15 307 14 4-23 
Data and Porwnl Chanqofrom PmTM15 Mm 17 2N.28 1 s  

1 2435  l a 4  3094 87 w 
NIA 7 4  3530 112275 1 288.52 
NIA 13 843 231 93 358.0 
2 288 10500 2 37071 2,750 I 

Data and PwMlt Ch&%g A ~ ~ P R T M I S  Mom- 1,347 U 4% 
01  024 02 O M  0 11 OM 

0 1  NIA 0 10 ow 
0 1  NIA 0 10 0 
0 2  EYA FYA tVA 

Oar and P e r m  Chmg tmn PmTMIS Mom 007 WA 
2 200 2 114 19 18 3402 

32  100 46 7749 40 m 
15 100 12.2 57 81 50 12 
11 200 WA UA FUA 

Dm nd PorMlt C h a m  ha Pm-TMlS Mun 51.20 NlA 
2 40 2 356 8411 6bo 

25 20 5 9  646 17 96 11 82 
205 20 48 877 23 18 30 54 
10 40 EYA NIA tUA 

UA Data ad Porcern Chrnga ha Pm-TMl5 Mom - 13 I 8  
PoparrtUm Backgmund 253 002 SMO 7787 20 5m 170-6 110 1348.50 

IHSS 115 26 S3-5000 50 2500 7810 783-8550 372473 
IHSS 133 8 381-5MO 50 2 500 992-1546 187900 
P*TMIS 14 640-5000 9288 716 813 - 6.1 10 2.397 or 

3,OSn Moan d OU 5 Oata na P e r m  Cha go ham Pm-TM15 Mom - 
sebnwn - 2 2 0  12 10 28 64 I 5  l a 7  &29 

IHSS 115 27 2 5  11 1 1 655 32-52 2 19 
IHSS 133 8 2 5  13 1 2 5  32  200 
PmTM15 , 14 , 2 5  , 1429 , 2 5  13-23 1 52 

1 W  
SIIW bckgrwnd 236 2 25 IS%? 2 10 24 13600 W.2@ 

IHSS 115 24 2 10 42 1 s  311 4 11 
IHSS 133 8 2 10 0 1 5  M 3w 
PreTM15 14 3 10 0 3 0  NIA NIA 

2a 

Mm d OU 5 0 ta md P e r m  Chargotran h l M 1 5  Mom - 

Moan ot OU 5 ata ana Pww 1 Changofmn PmTMl5 Mun - 

1 07802 
2202 46 
679 Bo 
1 6 M M  

2mb 
4480 
131 
OM 
064 

8% 11 
1 45 
2 07 
NIA 
WA 

am 



:omttuem 

:CoCs am 
Bol&lfallc 

HSS 115 
IHSS 133 
Dm-TMl5 

Nwnber Ranged Pemnl 

S a m  ?Im(ugl) 
Of A- Datun~t! 

255 10 5000 9882 
26 10 5000 362 
8 10 5000 100 

R e v  ol RIllOld M m  slalmald 
Nondeldrd Docrcrrd Ca~mmtlon GWUIW~ 

CCl?COW?8WJU CarCnaaar (rn 
(@) (a) 

10 5000 4080 252000 31 887 46 43 627 69 
2 500 7440 192000 34 4BZ 31 41 256 34 
NIA 18oOo 71900 36375 00 16874 13 

m olou s and p r o m  chsrmrfmn PWTMIS MU, - 3a 01) 17 
Stront um W g m u n d  253 07  200 92 89 100 1000 5105 7930 351 76 

YSS 115 24 03 200 100 NIA 225.5 14W 60035 
HSS 133 8 0 3  200 100 NIA 175 - 419 297 08 
PrbTM15 14 1204 100 NIA zm-1s4 4 7 5 a  

ma ~~ m olw 5 om nd ~ ~ e r n t  chino~tmn P B T M ~ ~  MU, - 

18% 
564 63 
340 45 
07 69 
157 08 
?% 

Thaulum ExjtgmUna 214 01  200 5 14 06  10 1 328 
‘HSS 115 26 1 10 77 0 5  715 39-4 1 
‘HSS 133 9 1 10 0 05  5 NIA 
%-TMlS 14 2 10 0 3 10 NIA 

bUl dOU 5 DN8 nd P*antChm fmn P-TMlS MU,- 

rm Bac4lground 236 0 1  1000 2881 2 200 107 8lKIo 
IHSS 115 25 7 3  200 4 365 100 262 
‘HSS 133 9 7 3  200 0 365 100 UA 
P.bM15 13 18 200 789 28 200 297 

m d O U 5 C  t ndPucenlChangafmnP~Wl5Mom 
V ndum aackgmund 249 12 50 53 82 1 5 0  205 196 

HSS 115 21 14-50 11 1 1 25 19 129 
IHSS 133 9 14-50 11 0 7  25 2 
PdM15  14 3 5 0  7 14 4 50 66 

Mun dOU 5 Dm nd Puam ChuwJc hanPrrTM15 M m  
zinc aadcground 256 17 20 67 19 11 487 13 137 

‘HSS 133 9 1 2 0  78 4 4  14 41 238 
Prs;TM15 14 3 2 0  42 m 3 20 29  408 

IHSS 115 26 1 2 0  73 1 1 10 34 807 

-- 

350 23 34 
4 11 160 
3 41 195 
NIA WA 
2 ( 0  NIA 
M.55 574 12 
79 21 37 94 
57 78 50 1 
48 60 42 49 

732 800 
17 I 10 79 
14 41 12.50 
10 76 11 07 
I S  14 11% 
13 33 17 I 
18 64 t6 14 
12 44 7 18 
8.38 11 56 

W U  am 

Mm dOU 5 Oltr nd PerceMChmgahanPrrTMl5 MU, 14 I 7  74% 



Constituent OUS or 
(COCs are Background 
Bol&ltallc ) Data 

Number Range of Mean Standard 
of Actnribes Acbvily Oeviabon 

Samples (PClA) (pClA) 

Summary Statistics for Radionuclide Data from Groundwater 

T a l  Actlvitlar 
Americium 24 I Background 183 0007-01 0 006 

IHSS 115 27 0-006 0 01 
IHSS 133 6 0-001 000 
Pre-TM 1 5 15 0007-02 0 03 

Mean of OU 5 Data and Percent Change from Pro-TMl5 Mean - 002 
Plutonium 238 Background 15 0001-003 0 003 

IHSS 115 20 001 -003 0 00 
IHSS 133 5 0 0 00 
Pro-TM1 5 2 0 005 - 0 01 0 007 

Mean of  OU 5 Data and Percent Change from Pre-TMlS Mean 0 001 
Plutonium 23W40 Background 194 0 006 - 0 22 0 004 

IHSS 115 26 0 - 0 3 4  0 03 
IHSS 133 6 0-002 0 00 
Pro-TM15 15 0003- 104 0 098 

OQ 

IHSS 115 15 0 - 28 72 733 
IHSS 133 4 069-15  114 
Pro-TM 1 5 14 0 506 - 49 9 687 

787 

IHSS 115 15 002-1  57 034 
IHSS 133 4 001 -007 004 
Pro-TMl5 14 0055-4 0 628 

Mean o f  OU 5 Data and Percont Change from Pre-TM15 Mean O R  
Unnlum 238 Background 22 0 -  108 10 84 

IHSS 115 15 0 - 30 74 7 53 
IHSS 133 4 038-15  1 07 
Pro-TM 1 5 14 0399-44 8 553 

Mean of OU 5 Data and Percont Change from Pre-TM15 Mean 7 18 
Alpha Background 23 0351 362 43 497 

IHSS 115 10 1 51 - 73 24 52 
IHSS 133 3 29 - 40 34 37 
PreTM15 14 8 1 1600 213 275 

Moan of  OU 5 Data end Percont Change from Pro TM15 Moan 123 49 
Beta Backgrowrd 23 02-220 24 945 

IHSS 115 10 125-65 20 70 
IHSS 133 3 24-4504 32 35 
Pre-TM15 14 5 5 - 1 300 158 102 

Mean of OU 5 Data and Percent Change from Pre TM15 Mean 9824 
Cesium 137 Background 156 0594-116 0 12 

IHSS 115 1 0 6  0 6  060 
Pro-TM 1 5 1 0 38 038 

0 49 

Mean of OU 5 Data and Percent Change from Pie-TMlS Moan 
Umnlum 2m34 Background 35 0-164 15 618 

Mean of OU 5 Data and Percent Change from Pre-TM15 Mean 
Unnlum 235 ' Background ' 35 002-629 0 617 

Mean of  OU 5 Data and Percent Change from Pre TMlS Mean 

m Samplem 

0 01 
0 01 

0 
0 05 
-!io% 
0 01 
0 01 

0 
0 

-93% 
0 02 
0 07 
0 01 
0 26 
41% 
3875 
7 91 
038 
12 25 
22% 
1 38 
0 41 
0 04 
099 
-32% 
27 73 
9 79 
0 51 

10 979 
16% 

94 28 
23 18 

5 5  
408 8 
-42% 
53 34 
19 42 
11 18 

332 38 
41% 
033 
NIA 
NIA 

a 



60wrt.ric) 
hdium 226 

:COCs are I Background I of I Activibes I Actrvity I Deviatron 
Data Samples (PClA) (pcln) 

Background 6 0182-052 0 355 0 13 

Table 2 9 (Continued) 

Zonstituent I OU5 or I Number I Range of 1 Mean I Standard 

IHSS 115 
IHSS 133 
Pre TM 15 

3 162-44  2 74 1 47 
3 058 1 7  113 0 56 
14 0 4 6 - 4 4  2 462 163 

Mean of OU 5 Data and Percent Change from Pre TMlS Mean 2.30 
Strontium 69/90 Background 32 0286- 1 12 0 215 

IHSS 115 5 0 3 6 -  1 2  0 8f9 
IHSS 133 3 0 02- 0 47 030 
Pre TM 15 8 048 -15  0 567 

080 Mean of OU 5 Data and Percent Chanm from Pre-TM1S Mean 
rnbum Background 84 240 39030 624 852 

IHSS 115 9 393 3222 162 869 
IHSS 133 5 56 4 - 270 6 134 08 
Pre-TM 1 5 5 240 - 557 69 2 062 

111 89 Mean of OU 5 Data and Percent Change from Pre-TM15 Mean 

-6% 
0 28 
0 40 
0 25 
0 62 
5% 

4 246 75 
89 60 
131 65 
328 26 
5526% 

r\mmrlclum 241 Background 
IHSS 115 
IHSS 133 

2 0 003- 0 02 0 011 0 011 
3 0 0024 0 002 0 004 
3 0-001 0 00 0 

I Pre-TMl5 I 9 I 0004-002 I 0 004 
Mean of OU 5 Data and Percent Change from Pre-TM15 Mean O O W  

Plutonium 23m40 Background 1 0011 001 0 011 
IHSS 115 5 0 0093 0 002 
IHSS 133 3 0 O W  
PraTM15 9 0004-0 0 

0 001 
Ur8nium 2 W 3 4  Background 207 0024-1995 6 914 

IHSS 115 30 0 015 - 15 055 3 131 
IHSS 133 8 0 19- 139 060 
Pie-TM 1 5 19 0 188- 11 5 2 701 

Mean of OU 5 Data end Porcent Change from Pie-TM15 Mean 2w 
Umnium 235 Background 207 0037-48 0 195 

IHSS 115 30 0 0038 - 0 846 0 151 
IHSS 133 8 002 028 0 08 
PraTM15 19 0 006 - 0 53 0 162 

0 14 
Unnium 238 Background 177 0038 1356 4832 

IHSS 115 30 0011 27575 2 810 
IHSS 133 8 0 16-359 1 04 
Pre-TM15 19 01412 8 8  2 1087 

Mean of OU 5 Data and Percent Change from Pro-TM 15 Mean 233 
Upha Background 213 0 65 - 312 7 8364 

IHSS 115 25 0061 4 5 8  5 182 
IHSS 133 8 022 136 0 87 
Pre-TM1 5 19 0 27 5 162 

4 51 

Mean of OU 5 Data and Percent Change from Pre-TM15 Mean 

Mean of OU 5 Data and Percent Change from Pie-TM 15 Mean 

Mean of OU 5 Data and Percent Change from Pre TM15 Mean 

0 006 
40% 
NIA 

0 004 
0 

0 002 
NIA 

25 439 
3 703 
0 47 
2 928 

3% 
0635 
0 177 
0 11 
0 162 
11% 

17 673 
5 145 
114 

2 154 
10% 

32 315 
8 774 
044 
6 023 
13% 



Constituent O U 5  or 
(COCs are Background 
BolMtallc) Data 
Beta Background 

IHSS 115 
IHSS 133 
Pre TMl5 

Number Range of Moan Standard 

Samples @CIA) (pclA) 
of Acbvibos Act~wty Deviatlon 

196 15-1359 4 892 12 23 
25 00096- 1945 4 972 399 
8 035-269 1 62 0 88 
19 I 4 1  230 17 661 51 529 

Mean of OU 5 Data and Percent Change from Pie-TM15 Moan 909 
Cesium 137 Background 38 0 1 9 - 2 6  0 42 

IHSS 115 15 152-095 0 11 
IHSS 133 4 0 -071  0 26 
Pre TM15 2 0 - 0 0 8  0 04 

0 13 

IHSS 115 2 0 0245 - 0 889 0 457 
Pre-TM 1 5 7 0 2 - 1 0 3  0 5  

0 49 
Strontium 89/90 Background 180 0396-18 0 338 

IHSS 115 21 01131 - 2 2  0 717 
IHSS 133 8 0 1 - 0 5 5  0 21 
Pre-TM15 , 12 * 0201 - 1  83 , 0 603 

0 50 

Mean of OU 5 Data and Percont Change from Pre-TMl5 Moan 
Radium 228 Background 36 0 055 - 0 53 0 258 

Mean of OU 5 Data and Percent Change from Pro TMl5 Mean 

Mean of OU 5 Data and Percont Change from Pre-TM15 Mean 
Notes = OU 5 data where 

-49% 
0 525 
0 58 
0 32 

0 057 
230% 
0 111 
0 612 
0 279 

2% 
0 306 
0 491 
022 
0 497 
-3% 



Summary ot D( 

TMl5 Program 
Chemical 

0 5  
0 5  10 
05-10 
05-10 
05-10 

0 5  
10-14 
10-14 

0 5  
10 - 14 
10-14 
10-14 
10-14 
10 - 14 
10-14 
10-14 
10-14 
10- 14 
10-14 
10-14 
05-14 
10 - 25 
10-14 

jCOCa are in B d ~ ~ )  
l 1 x i W  
1 1 1 Trlchloroethano 
1 1 2 2 'etrachloroethane 
1 1 2 Trichoroethane 
1 1  Dichorosthanel 
1 1 DiChOrorthMOl 
1 2 DiCho~osthanol 
Acetone 
W n  D~sulfide 
us-t 2 Dlchloroethone 
Mthylem Chloride 
Tetrrhlororthone 
Toluene 
Tnchloroethme 

40 0 0 25 3 02  
16 5 025-5  2 - 4  6 
16 0 025-5  0711-24 10 
3 0 025-5 0 3  <IO 
16 5 025-5 2-505 150 

20 0 025 0 2  02 
4 0 5-100 2 ro 
4 0 5-100 1 10 
20 0 0 25 02  02 
3 8  0 5-100 3 10 
11 5 20 5-100 2 - 4  5 
3 6  0 5- 100 0 5  10 
346 20 5-100 1 - 6  
3 8  0 5-100 3 
4 5  0 5-100 4 10 
15 4 67 5-100 0 5 - 3  2 
3 6  0 5-100 2 10 
23 1 6 7  5-100 0 7 - 5  6 
11 5 20 5-100 1 - 4  4 
7 7  20 5-100 2 - 3  4 
9 4  11 E 025-100 06-16 13 
11 5 20 5-100 1 - 4  6 
11 5 20 5-100 1 - 3  65  

SImCVollk orpnlo ColnpouAdr 

3 1  10 

vdrukorg8nkcolnpoundr 

I 

5-10 15 5 
10 10 0 

~~ 

31 
31 
31 
31 
31 
26 
25 
26 
5 
31 
31 
31 
31 

25-5 2 - 4  6 
5 27 4 5  

0 

5 
26 
26 
5 
26 
26 
26 
26 
26 
22 
26 
26 
26 
26 
26 
32 
26 
26 - 

1 2 3-Tnchlorobonrone 
2 4-Dimethylphmol 
2 Methylphend 
clsopropyHdwm 
4-MOUlylphWld 
Acl4lhulene 
Anthracene 
b ( 2  E!hylhayl)Phthd~e 
eutb eena Phlhalde 
CubrzDle 
Di-nmty Ph!hWe 
Dibenzofuran 
Diethyl Phlhalate 
Fluormene 
fluorene 
Naphlhalene 
Phenanthrene 
Pyrone 
1-w 

rl 

SlmCVoWaorprnk conpaundr 
10 14 20 5 
10 14 0 5-18 
10 14 6 7  5 
10 14 0 5 

I 
2 3 
4 10 
2 2 
3 10 

I 

Y 



Table 3 11 
OU 5 Wind Resuspenslon Potential Study Result8 

ThrssholdFm 
Aggregate Size veloatyut vegmon O t h W N a n s ~  VMbCd 

M&Esbmato Uncorrectd(ds) Haresod Cowfag0 cov@w@ Fracbon 

Locabon (m) (Figure 3-4) (1) (m 2) (2) (m 2) (2 3) (m 2) (2 3) Embddul 

11 5AQl 400 115 030 035 065 035 
11SAQ2 300 100 060 0 15 0 25 050 
115AQ3 400 155 040 035 0.25 050 
1 1 5AQ4 400 115 020 005 080 050 
1 15AQ5 150 7s 0 15 080 0.25 050 
115AQ6 050 50 0 10 090 0 10 0 75 
1 1 SA07 0 75 58 055 040 0 15 050 
115AQ8 400 115 0 10 090 065 050 
11SAQ9 150 75 005 095 0 15 050 
1 1 5AQ10 0 75 58 005 095 003 080 
115AQ11 300 100 005 0% 0.25 050 
115AQ12 150 75 000 100 005 050 
115AQ13 100 65 0 25 0 75 0 10 050 
115AQ14 400 115 000 100 0 70 050 
llsAOl5 0 75 58 000 100 030 080 
SASH AQ16 0 75 58 020 080 030 050 
SASH AQ17 030 40 003 0 97 030 050 
209AQ18 400 115 0.25 040 040 050 
209AQ19 400 115 020 030 O S  050 
209AW 400 115 0 10 050 065 080 

VV2Q9AQ21 050 50 0 10 090 0 15 050 
wM9AQ22 0 75 58 0 10 090 003 050 

OU3T lAQ23 030 40 025 0 70 005 025 
OU3T 2AQ25 050 50 035 060 0 15 0.20 
OU3T 3AQ24 200 88 005 0.25 0 70 050 
OU3T4AQ26 050 50 085 0 10 0 10 050 



Table 2 11 (Continued) 
Equivalent Frontal Lc Thmhdd 

Area of NoneroQbk (Eq front Fricf~onVelocrly Equivalent 10.m 
Elements (m 2) AredArea Conection Rabon u t cofmcmd Wind Sped 

L o c a m  (Coverage 11 amb hac D of Bare Sod) (Figure 3 5) (1 4) (cds) ([u t][F?atioD I rn)  (51 
11 SAQl 4225 1 4  10 1150 418 
1 1 5AQ2 125 2 10 lo00 364 
1 1 SAQ3 1 25 3 10 1150 418 
115AQ4 4 2 10 1150 418 
1 15AQ5 1 25 8 10 750 273 
115AQ6 025 3 10 50 182 
1 1 5AQ7 075 1 7 408 148 
1 1 5AQ8 325 3 3  10 1150 418 
115Am 075 I5 10 750 273 

115AQIO 015 3 10 580 21 1 
115AQ11 0625 13 10 lo00 364 
115AQ12 025 #DiVK)l infinite infinite infimte 
115AQ13 05 2 10 650 236 
115AQ14 35 #DnrK)l infinite infirwls i n h b  
lISAQ15 06 #DrVK)l infinite in- infinite 

SASH-AQ16 15 8 10 580 21 f 
SASH-AQ17 15 5 10 400 145 
209AQ18 2 8 10 1150 418 
2OQAQ19 25 13  10 1150 418 
209AQ20 13 13 10 1150 418 

W209AQ21 075 8 10 500 182 
W A W 2  01 25 1 7 408 148 

W 3 T  1AQ23 0375 2 10 400 145 
OU3T aQ25 12 3 10 500 182 
OU3T 3AQ24 35 7 10 880 320 
OU3T-4AQ26 05 1 7 350 127 

+- 



Table 2 12 
Comparison of Results of 1993 Wind Tunnel Study 

and 1995 Rapid Assessment Method 

Threshold Friction Velocrty (cds) 
OU 3 Location 

1993 Wind Tunnel Study (1) 1995 Rapid Assessment Method 

T 1  

T 2  

T 3  

T 4  

>280 

>170 

>180 

>160 

400 

500 

880 

350 
I 

~ 

Note (1) Source DOE 19% 



Table 2 13 

Summary of Radionuclide Data for Surface Soil8 
from IHSS 209 and Other Surface Disturbances 

tocptioa Sample Number Chemfal Results Unib Error Qualifier V.lid.tloa 
SS133194 SSOOOOlAS Amenaum 241 0182 PCYG 0061 V 
SS133W 
SS133394 
SS133494 
SS 133594 
SS133694 
SS133794 
SS133894 
SS133894 
SS133194 
SS133794 
SS133394 
SS133494 
SS133594 
SS133694 
SS133794 
SS133894 

ssoooo2As 
SS00003AS 
S S m A S  
SS00005AS 
SS00006AS 
SS00007AS 
SS00008AS 
SS00009AS 
SSOOOOlAS 
SS00002AS 
SS00003AS 
SS00004AS 
SSOOOO5AS 
SS00006AS 
SSOOOO7AS 
SSOOOO8AS 

Amencium 242 
Amenaum 243 
Amenclum 244 
Amencium 245 
Amenaum 246 
Amcnaum 247 
Amenaum 248 
Amcncium 249 
Plutoruum 239040 
Plutonium 239041 
Plutomum 239042 
Plutoruum 239043 
Plutomum 239044 
Plutomum 239045 
Plutomum 239/246 
PIutomum 239/247 

0 042 
0 619 
0 582 
0 432 
0 456 
0 071 
0 045 
0 018 
0 771 
0 206 
3 252 
3 253 
2 119 
2 452 
0 199 
0064 

PCYG 0020 
PCYG 0098 
PcYo 0107 
pcwj 0088 
PCYG 0091 
PCYG 0032 
PCYG 0032 
PCYG 0018 
PCVG 0141 
PCYG 0052 
PCYG 0376 
PCYG 0390 
PCYG 0413 
PCYG 0307 
PCYG 0050 
p13LnG 0042 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

SS133894 SS00009AS Plutomum239048 0052 PCYG 0028 V 

SS00009AS IS a field duphccate of SSoooO8AS 
Refer to Figures 2 16 and 2 17 for sample locatrons 



Table 2 14 
Comparison of Concentrations of Organic Chemicals in TM1S S u b r u W o i l  Samples 

with Risk Based Concentrations (RBCs) 

Butylbenzyl phthalate 

ChdorfUnl 

Dmthyl phthalate 

~~ ~~ ~ 

I 5 3E01 I No Bis(2sthylhexyl)phthalateate 4 57E+O1 5 4E01 No 

5 4Em 2 lE+OO No 114E+Oo No 

1 OSE4 3 6E42 No 1 3E-a No 

2 2 E 4 5  8 9E01 No lOE+OO No 

Bromdonn I 811E+O1 2 OEU 1 4Ea 

Source DOE(1995d) 

Y 



Table 2 15 
Comparison of Conmtratlons of Organic Chemicals In TM1S 

Groundwater with Risk Based Concentrations (RBCs) 

Butyl benzyl phhrhto 

ClbUOh 

7 E100 4 OEQ3 No 1 OEOl No 

NA 4 OE03 NA 1 OM1 NA 

C U b o n D b ~  

Dbrntohnn 

27eE42 1 OE03 No 5 O M 3  No 

NA 2 OE03 NA 1 OM1 NA 

2 4.oim*hvbhmol I 7 3M1 20E03 I No 1 OM1 N o 1  

1 1 D i d l o r P O ~ M  

Cb l Z d l I 9 l b m ~  

101E100 1 OE03 No 5 No3 No 

3 2EO1 3 OE03 No 25W No 

4- 

2MMVbh.W 

. 
NA 2 ow NA ZKO, m 

1 83E100 1 OE03 No 1 OM1 No 
- 

MphhrW 

1 12 .2-T~lomrvpnr  

Tetnchlomcnw 

TohnM 

1 2 wrldllombrrum 

11 ZTrtcMrMhlnr 

7 3EO1 3 OEO3 No 5-3 No 

895E4s 4 OM3 Y r C  5w Y W  

143€43 2.4- Y r C  5 m  ror 

9 ME01 3.m No 5 m  No 

NA 2.0- M UEQ, NA 

3 1 E 4 4  20Eo3 Y r C  SOMS Yor  
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Rockv Flats Environmental Technology Site i 

Final Draft-Phase I RFURI Report Operable Unit 5 October I995 

3 0  PHYSICAL CHARACTERISTICS OF OU 5 

This sechon provides a broad picture of the physical settlng of and around OU 5 More specifically ttus 

sechon discusses the physiographic features withm and sunoundmg OU 5 the demography and land use 
of both OU 5 and the surroundmg areas as well as the climate hydrology geology and hydrogeology of 

the area encompassing OU 5 (Figure 3 1) 

3 1  PHYSIOGRAPHIC FEATURES 

3 1  1 Regional 

The Site is located on the western margm of the Colorado Piedmont sectlon of the Great PI- 

Physiographc Provmce at an elevabon of approxlmately 6 OOO feet above mean sea level (MSL) on a 

broad eastward sloping plam of coalescmg alluvial fans The Colorado Piedmont termmates abruptly on 
the west at the Front Range secbon of the Southern Rocky Mountam Promce (EG&G 1995a) 

The Colorado Piedmont is charactenzed as an area of drssected topography and denudauon represenmg 
an old erosional surface along the eastern margm of the Rocky Mountam The pledmont surface is 

broadly rollmg and slopes gently to the east with a topographc relief of only several hundred feet 

Dramages have been mcised and portions of the alluvial cover have been removed by more recent 

erosional processes (Scott, 1963) The Site occupies an area on the eastern edge of the piedmont. In the 
eastern poruons of the Rocky Flats Alluvium pedrment rhe nearly flat lymg surface gwes way to lower 

gently rolling terram of the Kgh PI- sectlon of the Great P l u s  Physiographc Promce (EG&G 
1995a) 

The eastern margm of the Front Range from approlumately four mles west of the Site IS charactenzed by 

a narrow zone of hogback ndges formed by steeply east dipping Paleozoic and Mesozoic aged strata (the 
Fountam fonnmon and the Dakota Group respechvely) Less resistant sedmentary strata were removed 

by erosion Approlumately fifteen d e s  west of the Site the Front Range reaches elevmons of 12 000 to 
14 000 feet about MSL A Precambnan age basement compnsed of igneous and metamorphc rock 

assemblages make up the core of the Front Range a 
3 1  
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Several pediments were deveIoped across both hard and soft bedrock m the area of  the Site dunng the 3 
Quaternary period (Scott 1963) The Rocky Flats pediment is the most extensive o f  these forrmng a broad 

flat surface east of Coal Creek The broad pediments and narrow terraces are covered by thm a l l u ~ a l  

deposits of ancient streams that once dratned eastward mto the Great PIms The sequence of pedunents 

reflects repeuuve physical processes associated with cyclic changes in climate Each erosional surface and 

straugraphic sequence deposited on it probably represents a smgle glacial cycle The oldest and bghest 

pehment the Subsumrmt Surface (Scott 1960) truncates the hogback ndges of the Front Range Three 

successively younger pediments veneered by alluvial gravels (mcludmg the Rocky Flats Alluwum) 

extend eastward from the mountam front Erosion of  valleys into the pediments followed each 

deposiuonal cycle so that near the mountam fronts strrngraphcally younger geologc untts OCCUT at 

topographcally Iower elevahons as narrow tenace deposits along the streams These alluwal deposits m 
the OU 5 area are desmbed in Secuon 3 6 1 

The mdusmal area of the Site is located on a relatively flat surface of Rocky Flats Alluvium (Figure 3 1) 

The pehment surface has been eroded by Walnut Creek on the north and Woman Creek on the south 

subsequently terraces along these streams range m height fiom 50 feet to 150 feet. The grade of  the 

gently eastward slopmg surface of the Rocky Flats Alluvium vanes from 0 7 percent m the mdustnal area 

of the Site to approxmately 2 percent just east of the mdustnal area. 

4 

Surface water that flows from the northern p m o n  of the Site is drmed by Rock Creek, whxh is a 

northeast trenchng mbutary of  Coal Creek The central and southern pomons of the site are dramed by 

Walnut Creek South Walnut Creek, and Woman Creek These dramages are all ephemeral tnbutanes of 

Big Dry Creek that flow eastward Coal Creek separates all of  the streams on the Rocky Flats Alluvium 

pe&ment from the Front Range foothrlls Small dramage basms and low recharge from snowmelt or 

ramfaU at hgher elevattons account for the ephemeral nature of the creelts (EG&G 1995a) 

3 1 2  OU 5 Area 

The OU 5 study area consists of 11 IHSSs located along the Woman Creek Drmage mcludrng the 

Ongmal Landfill (MSS 115) the Water Treatment Plant Filter Backwash Pond (IHSS 196) the Ash Ptts 

(IHSSs 133 1 through 133 4 and two previously umdenufied ash pits) the Incmrator (IHSS 133 5) the 
Concrete Wash Pad (IHSS 133 6)  Detenuon Ponds C 1 and C 2 (IHSSs 142 10 and 142 11 respecuvely) 

I 
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and Surface Disturbance (IHSS 209) Also included are two additlonal areas of surface &sturbances the 

Surface Disturbance South of the Ash Pits and the Surface Disturbance West of MSS 209 (Figure 3 1) 

October 1995 

The near surface geologic materials at OU 5 consist of alluvium colluvium valley fill alluvium and 

artificial fill that unconformably overlay bedrock Art~ficial fill and disturbed ground occur in localized 

areas mcludmg the landfill the ash pits and the C 1 and C 2 dams 

3 2  DEMOGRAPHY AND LAND USE 

Based on mformauon prowded by the Populauon Economic and Land Use Database for the Site (DOE 
199%) there are no residents w i h  two mles of the mdusmal area of the Site and there are no predicted 

changes in populauon density through the year 2015 Exact numbers concernrng current and future 

populauon trends of the plant site are not avalable The Site was the largest manufactunng employer m 
the Denver Metro Area m 1994 employmg approxlmately 6 500 people However as the mssion 

changed from productlon to enwonmental restoratlon employment numbers may conmue to decrease 

untll envuonmental work is complete (DOE 1995~)  

Land use m the vicmty of the Site consists of  residentlal and limted commercial development parks 

open space agncultural land and vacant land Increased residentlal development has occurred w i t h  five 

mles of the Site w i h n  the last five years Withm five mles of Rocky Flats most residentlal land use 

mcludme changes from other land use categones to residentlal land use occurs unmediately north east., 

and south of Standley Lake Smail parcels of  unmcorporated residenttal land are located to the west, 

northwest and north of Rocky Flats (DOE 199%) 

There is lirmted commercial development w i h  five mles of the plant The primary exceptlon is the 

commercial actlvlty servicmg the Jefferson County Airport. Indusmal land uses wthm five mles of 

Rocky Flats are limted to quarrying and muung operauons (DOE 199%) Other land uses withm 

approximately five d e s  of the Site mclude parks and open space agricultural land and vacant land 

(DOE 199%) Land uses more specrfic to OU 5 are discussed below 

Current activitles withm OU 5 consist of environmental invesugauons momtorrng cleanup and roume 

secunty surveillance Site opermons and mamtenance activitles are not conducted wthm OU 5 according 

3 3  
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to TM12 Exposure Assessment HHRA (DOE 1995b) OU 5 is currently occupied for the most part by 

wildlife and will most likely be preserved as open space or as an ecolopal reserve 

Ecological surveys of the buffer zone performed in comphance with the Threatened and Endangered 
Species Act, have idenufied the presence of several listed species at the Site Because the Site buffer zone 

mcludmg OU 5 has not been impacted by commercial development for many years thus allowing 
progressive re establishment of quality name habitats the future use of thls area as an ecological reserve 

is reasonable The Jefferson County Board of Comrmssioners has also adopted a resolution s t a g  its 
support of m m t m g  111 perpetuity the undeveloped buffer zone of open space around the Site for 

envuonmental safety and health reasons (DOE 1995b) However poruons of OU 5 with srutable 

topography will be evaluated M e r  for consmcuon of and subsequent use as an office complex (DOE 
1995b) 

3 3 METEOROLOGY AND CLIMATOLOGY 

Meteorology at the Site is lnfluenced by its proxumty to the Front Range The Site is four d e s  east of 
the Front Range and the ground elevauon nses along the Front Range from 6 OOO feet to more than 10 OOO 

feet at a distance of only 20 mles to the west The Site operates a 200 foot meteorologml tower that IS 

positioned approximately 1 2 mles northwest of OU 5 Thls tower prowdes meteorological data that are 

representauve of the generd con&bons at the Site It gwes the nearest and therefore the most useful 

meteorological informauon applicable to OU 5 

The predomnant wind duecuon at the Site is from the west and northwest These wmds tend to have 

greater speeds than winds out of the east and south (EG&G 1991b) The average annual wmd speed m 
1991 was 8 7 mph (EG&G 1991b) Wmd speeds greater than 20 mph occur between 500 and 600 hours 

per year at the Site (DOE 1980) Dumg the wmter and spnng months these strong wlnds called 

chlnooks are associated wtth conmental au masses mowng over the Rocky Mountam These winds 

have been recorded exceedmg 120 mph at the Site (DOE 1980) W n g  the summer months locabzed 

thunderstorms account for strong wind condmons whch are typically less intense than wmter wmd 
phenomena However the more charactensuc d not so dramatic avflow pattern at the Site is the daly 

cycle of mountam and valley breezes D m g  the mght relauvely cooler a u  flows off the east slope of the 
mountam and displaces warmer au at lower elevatlons The wind rose for mght hours m Figure 3 2 

3 4  
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shows this strong westerly component @G&G 1991b) Canyons creek dramages and ndges tend to 
channel these downslope wmds as they move onto the plans The downslope flows converge with the 
South Platte €her Valley illl: flow movmg to the north northeast Dunng the dayume hours solar 

insolation heats up the a r  along the slopes of the mountam more quckly than the arr over the plams and 
valleys Thls warmmg causes breezes to move upslope out of the valleys toward the mountam Upslope 

condiuons tend to be less pronounced and less channelized than downslope condmons (EG&G 1991b) 
There are spaual and temporal dishncuons m the shft from downslope to upslope condmons along the 

Front Range The change typically occurs an hour or two earlier m the mornmg in the vicuuty of the Site 

than at locauons on the east side of the Denver Basm (DOE 1980) 

Accordrng to the Pasquiil ciassificatlon atmosphenc stability is most frequentIy neutral (Class D) at the 

Site Dunng 199 1 Class D cases occurred 46 2 percent of the ume Stable condmons Pasqurll Classes E 

and F occurred 42 6 percent of the tune Unstable cases Classes A B and C occurred only 1 I 2 percent 

(EG&G 199 lb)  Unstable atmosphenc condttlons enhance vertlcal pollutant rmxrng Stabie condrtlons 
oppose atmosphenc turbulence 

The cilmate at the Site is charactenzed as serm and Annual climate summanes dunng 1993 mdicated that 

the 1993 mean temperature of 45 7 F was more than 2 F below the average annual temperature The 
annual temperature extremes ranged from a tu@ of 9 1 F on July 10 and 29 to a low of 10 F on February 

16 and November 25 The 1993 peak wmd gust of 82 mph occurred on December 3 1 Precipitauon 

dunng the year was more than 3 inches below normal totaimg 12 07 mches The largest dady 

precipitauon fell on June 7 when 1 15 mches of ram was recorded The largest 15 m u t e  ramfall of 0 15 
mches was recorded on March 28 Monthly precipitaon ranged fiom 1 79 mches m June to 0 13 rnches 

rn January (EG&G 1993Jb) Approximately 40 percent of the annual precipitatton falls durtng the spnng 
season much of it as snow Thunderstorms d u n g  the summer months provide another 30 percent of the 

annual precipitauon (EGBrG 1993b) These thunderstorm events can be intense On August 6 1991 for 

example 1 15 mches of ram fell w i b  two hours (EG&G 1991b) 

3 4  SOILS 

Sods within the OU 5 area have been classified by the Soil Consemahon Servtce Department of 
Agnculture (Pnce and Amen 1980) The locauon and lateral extent of these soil types within the OU 5 
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area were digiuzed tiom Digtal Lme Graph (DLG) data from the Soil Conservabon Semce (Digital 

ARChfo Coverage prowded by EG&G RFETSSOIL Coverage) and are presented m Figure 3 6 Table 

3 1 lists the major soil u~llts w i t h  the OU 5 area with thelr classificauons and propertles 

Most of the soil senes shown on Table 3 4 1 are classdied withm the Argiustoll great group Argiustolls 

are generally charactenzed as well-dramed with dark-colored humus nch surface A honzons argillic 

B honzons and calcic C honzons They emt LU andic and usuc (hmted moisture) repmes whrch are 

adequate for plant growth dunng the growing season The two predomant subgroups are TorreUc and 

Andic Torreuc Argiustolls typically have a hlgher shmk swell potenual than Andx Argrustolls (Pnce 

a n d h e n  1980) 

The predomnant soil type w i t h  OU 5 are clay loams of the Denver Kutch Mrdway group (price and 

Amen 1980) These soils occur along the Woman Creek dramage (Figure 3 6) Slope grarllents for these 

soils range from 9 to 25 percent, with the Denver and Kutch soils typically located on the hllslopes of the 
dramages while the Mdway soils are found on the ndge crests The Denver clay 10- consist of deep 

well-dramed calcareous clay sdty clay and sandy clay matenal denved pnmanly from claystones 
siltstones and sandstones The Kutch soils are moderately deep well-drmed calcanous clayey alluvlum 

and colluvium denved from claystones siltstones and sandstones and from Rocky Flats Alluwum and 
temace dluwums The Midway clay loams are shallow well-dramed calcanous clayey matenal denved 

form Rocky Flats Alluvium These soils have low penneabihty and infilitratron rates whch result m a 

severe water erosion hazard 

The Woman Creek dramage is covered by the Haverson loam (0 3 percent slopes) (Figure 3 6) Thls soli 

type is also present downgrdent of Antelope Spnng and at IHSS 209 The Havmon loam 1s a deep 
well dramed straufied alluvlum denved from Rocky Flats Alluvium and terrace alluwums and bedrock 

claystones siltstones and sandstones (Pnce and Amen 1980) The infiltrauon rate and penneabhlty for 

this soil is slow and moderate/slow respecuvely Thrs soil type is associated with slight water erosion 

hazards and low shnnk swell potenual 

The Leyden Primen Standley cobbly clay loams (15 to 50 percent slopes) have l u t e d  areal extent east of 
Pond C 2 and north of the Woman Creek Dramage (Figure 3 6) The Leyden Pnmen Smdley senes is 

denved from the Rocky Flats Alluvium terrace alluvium and bedrock claystones The sod consists of 

clayey gravelly stony and cobbly matenal which constitute clayey montmonllonuclc mesic Amhc 
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Argiustolls This senes displays a slow infiltrauon and a slow permeabihty severe water erosion hazard 

and moderate to high potenual for shrmkage swelling Leyden soils are moderately deep and well 

dramed consisung of calcareous cobbly and clayey matenal The Pnmen soils are shallow and well 

dramed Standley soils are deep and well dramed (Pnce and Amen 1980) 

The Flatlrons very cobbly sandy loams (0 to 3 percent slopes) are only found on ndge tops that consist 

predomnately of Rocky Flats Alluvium The Surface Disturbance South of the Ash Pits IHSS 133 5 and 

the north side of IHSS 115 are all charactenzed by this soil type (Figure 3 6) The Flatmns soil is deep 
and well draned and is formed in noncalcareous cobbly stony gravelly and loamy matenal of the 

Rocky Flats Alluvium Slow mfiltrahon rate slow permeability slight water erosion hazard and a 

moderate shnnk swell potenhal are associated with this soil type (pmce and Amen 1980) 

I 

The Nederland soil skuts the Flatuon sods along the ndges and hillsides of the OU 5 area and consists af 
very cobbly sandy loam which forms slopes of 15 to 50 percent (Figure 3 6) Th~s sod is deep and well 

dramed and formed in cobbly gravelly and loam alluvium denved from the Rocky Flats Alluvlum and 

terrace alluviums This soil has moderate permeabihty and infiltrauon rate a severe water erosion hazard 

and low shnnk swell potentlal (Pnce and Amen 1980) 

3 5  HYDROLOGY 

Appendix A (Hydrologic Data Summary Report) provides detaded inforroauon regardmg the hydrology of 

OU 5 OU 5 is located withm the Woman Creek dramage basin (Figure 3 1) m whch water generally 

flows from west to east. The Woman Creek dramage basm extends eastward from the base of the foohlls 

near the mouth of Coal Creek Canyon to Standley Lake The poruon of the baan that lies withm the study 

area (headwaters to Indiana Street) conslsts of approximately 2 884 acres The long term average annual 
yield generated by h s  basm is 32 1 acre feet, with sigmficant average stonns producmg surface flows of 4 

to 7 cubic feet per second (cfs) Dmng extreme precipitation events (greater than 15 year return 
occurrence based on precipitahon) surface flows up to 40 cfs have been generated Although seasonal 

flows can be low Woman Creek receives contmuous flow from Antelope Sprmgs Creek Woman Creek 
drams OU 5 and Qscharges ma Mower h tch  into Mower Reservou and Standley Lake During penods 

of high flow Woman Creek may discharge dlrectly to Standley Lake (DOE 1994b) 
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Detenuon Ponds C 1 and C 2 are located withm the eastern reach of the Woman Creek basm Pond C 1 is 
located on the Woman Creek channel Pond C 2 is located off the Woman Creek channel Pond C 2 

receives relauvely rmnor local flow from its surrounding dramage basm while receivmg the bulk of its 

flow from the South Interceptor Ditch which lies on the northern flank of the Woman Creek basin (Figure 
3 1) and crosses under the Woman Creek Diversion Ditch before emptying mto the pond The South 

Interceptor Ditch collects runoff from the southern side of indusmd area and diverts it to Pond C 2 Pond 

C 2 water is not discharged to Woman Creek, but is pumped to the Broomfield Dmrsion Ditch (around 

Great Western Reservoir) approxlmately sem annually (DOE 1994b) 

The morphology of both Ponds C 1 and C 2 is related to sediment accumulauons whch have reduced 

their storage capacity (DOE 1993b) Pond C 1 had an esumated storage capacity at the spillway/outlet 

crest of approximately 6 1 acre feet at the trme of construcuon By 1992 thrs spdlway/outlet-crest storage 

capacity had decreased to approxlmately 5 2 acre feet, or a volume reductron of approxunately 15 percent 

(EG&G 1992e) At the ume of constructlon Pond C 2 had a pnncipal spillway storage capacity of 
approxmately 71 acre feet By 1992 thls capacity had decreased to 70 acre feet, or a reduction of 

approxlmately 1 4 percent (Mernck Enpeenng 1992) The relatrvely small storage reductron from 
sehmenmon m Pond C 2 appears reasonable because the pond is off-chanuel and only 15 years old 

It is anucipated that these alterauons to pond morphology will conunue into the future especially if 

addmonal development takes place onsite or 111 the upper Woman Creek dramage basm (Appenhx A) 
Minor impacts on pond morphology (pllmanly affectmg Pond C 1 but perhaps also Pond C 2 dunng 

larger storms) also could occur If development takes place m the Cod Creek basm and ungmon water 

conmues to discharge into Woman Creek from the h e a r  and Smart 2 Ditches Thrs would mean that 

adhbonal sedment mght enter either of these ponds Water/sediment mteracuons occur as precipimon 

and runoff erode surface soils as the water flows m open channels streams and w i t h  ponds 

(Appendix A) 

The Woman Creek dramage basm has several artificial water controls includmg the SID whch mtercepts 
runoff and routes this runoff to Pond C 2 Thts runoff would normally flow mto Woman Creek or would 

percolate into the underlyng subsurface matenals of the basin Ponds C 1 and C 2 themselves are 

amfkial water control structures that tempormly store water and in the case of Pond C 2 may export 
water from the Woman Creek basm to the Walnut Creek basin The Woman Creek &version dam routes 
all Woman Creek flows less than about the 100 year flood peak around Pond C 2 Irngmon inputs to 

I 

a 

0 
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Woman Creek from the Ktnnear Ditch and Smart 2 Ditch are mficial water controls that &vert water from 

the Coal Creek basm mto the Woman Creek basm (AS1 1990) The French dram on the 881 Hillside also 

may be classified as an mficial water control structure that changes the groundwater flow from the 881 
Ellside to Woman Creek (Appendix A) 

Stream reach gadloss studies along Woman Creek, Mower Drtch and selected mbutanes have been 
done by Colorado State University (Fedors and Warner 1993) and mtenm study results were &scussed m 
Sectron 4 1 of TM1 (DOE 1993b) In &tton EG&G has contmued the gadloss measurements srnce 
December 1991 In March 1993 36 well pomts were rnstalled along Woman Creek, as desmbed m TMl 
(DOE 1993b) These well pomts were mstalled to assess whch reaches of Woman Creek are gamng 

water (flowing from the shallow groundwater system into Woman Creek) and whch reaches of Woman 
Creek are losmg water (flowing from Woman Creek into the shallow groundwater system) Locauons of 
these well pomts are shown on Figure 3 3 

For the well pomtlstream water surface elevauon momtonng a reach was assumed to be gauung if the 

upstream and downstream difference between the average groundwater elevatlon and surface water 
elevauon was positlve (that is flow was from the shallow groundwater system mto Woman Creek) 

Conversely a reach was assumed to be losmg if the upstream and downstream dfference between the 
average groundwater elevauon and surface water elevauon was negatlve (flow was from Woman Creek 

mto the shallow groundwater system) For the stream gadloss study a reach was assumed to be g w g  
if the dfference between the downstream flow and the upstream flow was positlve Reaches were 

considered to be losmg if the downstream flow and upstream flow difference was negauve 

In general four reaches of Woman Creek and its mbutanes can be ident~fied as generally gamng water 

from the shallow groundwater system on nearly a year round basis These mclude reaches 7 6 and 6-5 on 

the southwestern tnbutary flowing mto Woman Creek, and reaches 9 10 and 18 19 on Woman Creek 
(Figure 3 3) (Appendx A) Gauung reach 9 10 is adjacent to IHSS 115 (Figure 3 3) however h gam 

is more likely due to m o w s  from the south bank (1 e the opposite bank from the Ongmal Landfill 
locatron) due to seepage mput from an old orchard area (Appen&x A) (Reach 18 19 hes downgradrent 

from the Old F m g  Range ) 

Other reaches downstream from Pond C 1 (reach C 1 18) and both upstream and downstream fiom Pond 
C 2 (reach 20 24) have been identlfied based upon exisung data, as losmg year round (Appendix A) It is 
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A comprehensive geologic and hydrogeologic framework for the Site is presented m the Geologic 

Charactenzauon Report for the Site @G&G 1995a) and the Hydrogeologic Characterizauon Report 

@G&G 1995b) The Sectron 3 6 1 summmzes the geologic history settmg and deposits Sectton 3 6 2 

presents a discussion of the inferred faults withm the OU 5 area. Secuon 3 6 3 s- the OU 5 

hydrogeologic setung 

3 6 1  Geologic History Setting and Deposits 

Dumg the late Cretaceous penod sedments east of the Front Range underwent uuttal orogemc uplrft As 
the Cretaceous sea gradually regressed from the west to the east the Fox Hdls beach front sands the 

Lararme delta plam deposits and the Arapahoe fluwal deposits prograded eastward over the Pterre Shale 

prodelta muds T ~ I S  manne regresslon was occasionally interrupted by small scale manne transgressions 

which may have been caused by vanauons m the rate of uplift along the Front Range Dururg 
transgressive pulses thm mtervals of Pime Shale prodelta muds were deposited above the Fox B l l s  

Sandstone As a result the Fox Hdls Sandstone mtertongues with the underlyrng Pierre Shale (DOE 
1991) Durmg the Pleistocene age the Rocky Flats Alluvium was deposited as an alluvlal fan at the base 

of Coal Creek Canyon Holocene age uplift has dssected the Rocky Rats Alluwum and deposited the 

unconsolidated terrace and valley fill sedments along the dramages Geolog~c wts observed m OU 5 are 

the L a r m e  Formauon the Arapahoe Fonnatlon Rocky Flats Alluvium valley fill alluvium colluvium 

3 10 

Rockv Flats Environmental Technology Site 
Final Draft-Phase I RFIlRI Repon Operable Unit 5 

uncertam why the reach downstream from Pond C 1 is losing year round The reach m the wclnity of 

Pond C 2 most hkely loses year round because it is a man made channel that is part of the Woman Creek 

diversion around Pond C 2 

1 October I995 * 
The other Woman Creek reaches range from gammg dunng the winter and spnng months and losmg 

dunng the rest of the year (reaches 1 2 2 3 3-4 4+5 8 8 9 1 1  12 17 C1 and 19 20  (Figure 3 3) to 
g w n g  for two months or less and losing the rest of the year (reaches 10 11 12+13 16 16 17 (Figure 

3 3) The gaudloss data is based upon hstorical data collected by Fedors and others 1993 The data 

presented herem generally support the conclusions of Fedors and others 1993 as supported by addtuonal 

EG&G gadloss data on Woman Creek (Appendx A) 

3 6  GEOLOGY AND HYDROGEOLOGY 
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land slide and arttficial fill or man made deposits Piney Creek Alluvium and valley fill alluvium are one 

m the same as presented herem The followmg paragraphs summanze the charactensucs of each of the 
geologic uruts present 111 the OU 5 area 

The bedrock that is present in the OU 5 area is predomantly the Larauue Formauon (Figure 3 4) Figure 

3 5 shows the most recent mterpremon of the bedrock elevauon m the OU 5 area The Upper Cretaceous 

aged Laramie Formauon is approxlmately 600 to 800 feet thick It has been informally subdivided mto 

lower and upper members The Upper Lararme Formauon is generally d~sunpshed from the Lower 
Larame Formauon where the Upper Larame Formauon becomes domtnantly composed of fine grimed 

sedmentary rocks (pnmarily claystone with no thick sandstone beds) The upper part of the Laranue 
Formauon is approximately 300 to 500 feet thick and consists pnmanly of olive gray and yellowish 

orange claystones with large rronstone nodules A few thm coal beds occur m the Upper Larauue 

Formauon but they are disconmuous Lenucular beds of platey larmnated or fnable calcareous fme 

gamed light olive gray sandstones are also present and occur with greater frequency at hgher levels m 
the secuon 

The Upper Cretaceous aged Arapahoe Formauon lies suaugraph~cally above the L a r m e  Formauon was 

deposited by a fluvial system and IS absent or as much as 50 feet h c k  wthm the vlcmty of the Site 
(EG&G 1995a) The Arapahoe Formatron is composed pnmanly of sandstones and claystones that are 

very simlar to those in the underlymg Laranue Formauon Thls simlanty between the upper L a r m e  and 
Arapahoe Formauons has resulted m confusion dismguishmg these two utllts (EGBrG 1992f ami 1995a) 

Previous works (Van Horn 1957 and EG&G 19920 have descnbed the base of the Arapahoe Formatton 

as a h c k  disconmuous conglomerate with clasts composed pnncipally of chert with some grmte 

gneiss and schist As shown on Figure 3 4 only a small amount of Arapahoe Formauon is present withm 
the OU 5 area, with most of it located m the southeast poruon of the OU and very little in the area of IHSS 

133 or IHSS 115 

The sandstone uruts appear to be composed of channel point bar and overbauk deposits from meandemg 
and braded streams (Figure 3 7) It has been a point of controversy as to whether these sandstone u t s  

are part of the L a r m e  Formauon or part of the Arapahoe Formauon Arapahoe F o m o n  sandstones 
were previously classified as the No 1 through No 5 sandstones DOE 1991) However the most recent 
study indicates that the No 1 Sandstone belongs to the Arapahoe Formauon and Sandstones Nos 2 

through 5 belong to the Larme Formauon (EG&G 1995a) More data have been collected from the 
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No 1 Sandstone than any of the other sandstone mtervals because of its shallow subsurface depth and its 

hydraulic connection with other units of the UHSU m the eastern p m o n  of the mdusttrahed area, 

underlying OU 2 

In this report sandstones and siltstones encountered 111 dnll core collected d m g  the OU 5 mvestlgatlon 

are classified as undifferenuated Laramie FomatlonlArapahoe Formatlon due to the mabdity to 

dfferenhate between the L a r m e  Formatlon or Arapahoe Formauons at the Site (Figure 3 8) Accordmg 

to Plate 5 9 of the Geologic Charactenzauon Report (EG&G 1995a) the Arapahoe Formatron No 1 

sandstone or equvalent sandstones are mterpreted to be present m OU 5 on the east side of IHSS 133 on 

the northeast side of IHSS 115 and in an area east of the Surface Disturbance South of the Ash Pits 

(Figure 3 7) 

On the basis of the OU 5 investlgatlon the bedrock encountered in the area of IHSS 115 and MSS 133 are 

compnsed predormnantly of claystone with some thm mterbeds and laminae of siltstone and sandstone 

(Append= B) The claystone was observed to be massive to-thmly larmnated contaumg trace ironstone 

nodules trace to some orgmcs m the form of leaf mpnnts dissermnated carbon and trace l i p t e  

interbeds with some thrn mterbeds and larmnae of siltstone and sandstone Saudstone and siltstone 
mterbeds from 0 5 to 10 feet m thrcbess (Figure 3 8) consisted of very fine to fine grarned clayey to 

silty sandstones and sandy to clayey srltstones slightly fnable to well cemented trace mnstone nodules 

cross bedded to larmnated with some soft sedtment deformmon structures and trace fossils with trace to 

some dissermnated carbon The enwronment of deposihon appears to be a low energy fluwal 

envuonment 

Unconsolidated matenal w i t h  OU 5 consists predormnantly of landskde deposits and Rocky Flats 

Alluvium Lesser amounts of mficial fill mcludmg waste fill Pmey Creek Alluvium colluvium, and 

terrace alluvium exlst withm the OU 5 bounhes (Figures 3 9 and 3 10) The overall ttuclmess of the 

unconsolidated matenal throughout OU 5 ranges from about 2 to approxlmately 30 feet. 

Rocky Flats Alluvium The Rocky Flats Alluvium was deposited by a system of coalescmg alluwal fans 

aggraded by debns flows and braded streams along the base of the Front Range at the mouth of Coal 

Creek Canyon (EG&G 1995a) Thls untt forms a large (approxlmately 10 square mrles) fan shaped 

deposit with bar and channel morphology on the Rocky Flats pedtment Eastward flowing streams have 
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dissected the pediment in several locauons and have exposed Cretaceous age bedrock m some areas 

(EG&G 1995a) 

According to the Prelimnary Surficial Geologic Map of the Rocky Flats Plant and Vicimty (Shroba and 

Camera, 1994) the Rocky Flats Alluvium commonly consists of beds and lenses of poorly sorted clast 

and matnx supported white to pmk sandy cobbly gravel gravelly sand and silty sand Clasts are 
commonly subangular quartzite that were denved from Coal Creek Canyon Clasts of claystone and 

sandstone are locally present in the lower 20 inches of the unit. Generally the hclcness of thrs u t  is 

about three to 30 feet where pediment deposits overlie Upper Cretaceous aged bedrock, and about 30 to 

greater than 100 feet where these deposits overlie valley fill deposits (Shroba and Camera 1994) 

Terrace alluvium as described in the Geologic Charactenzauon Report (EG&G 1995a) consists 

predomnantly of a slightly cobbly gravelly light grayish brown to light reddtsh brown sdty sand to 

clayey silt Clasts are mostly subangular quartzite The u t  forms small terraces and terrace remnants 

about 8 to 33 feet above current stream levels that lack bar and channel morphology and are locally 

mantled by a thtn layer of colluwum The terrace deposits within OU 5 are probably composed mostly of 

Broadway and Louviers Alluwums The thtckness of these deposits ranges from about 10 to 20 feet. 

Pinev Creek Alluvium The Piney Creek Alluvium and post Piney Creek Alluvium undtfferentlated are 

commonly referred to as valley fill alluwum m thrs report These uts consist of channel and terrace 

deposits in and along most of the ephemeral streams across the Site Areas m whch h e y  Creek 

Alluvium has been identlfied (Figure 3 10) consist of matenals that are commonly slightly cobbly 

grayish brown silty sand to sandy clayey silt in the upper part and poorly sorted clast supported shghtly 

cobbly gravel rn a light yellowish brown clayey silty sand mamx in the lower par& Clasts are mostly 

subangular quartzite with a nunor amount of subrounded sandstone that was denved from older 

Quaternary aged deposits Thickness of h s  unit is about 3 to 15 feet with an average of about 10 feet 

(Shroba and Camera. 1994) The Pmey Creek Alluvium conmns stage I (Gde and others 1966) carbonate 

vemlets and locally one or more buned sod A horizons about 2 to 3 inches tluck and also may conm 
expansive clays The Piney Creek Alluvium fonns low terraces approximately 3 to 6 feet above stream 

level that locally have poorly preserved bar and-channel morphology 
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Colluvium The colluvial deposits at the Site are mddle Pleistocene to Recent in age and occur along 

Valley Slopes The coIluvlaI matenal commonly consists of dark gray to light redhsh brown silty sand 

sandy silt, clayey silt and silty clay that contam mmor amounts of boulders and cobbles The unit locally 

includes clast and mamx supported boulders and cobbles to coarse to fme to cobbly gravel in a siltyclay 

mamx These matenals are typically wellgraded to poorly graded and unsuattfied to poorly strdied 

Clasts are typically subangular to subrounded thew sedimentologic compositlon reflects that of the 

bedrock and surficial deposits from which they were denved The thrckness of these deposits is probably 

about 3 to 15 feet (Shroba and Camera, 1994) The colluvtum occurs as h discontuzuous deposits in the 

western poruon of the Site and as more broad and laterally extensive deposits in the eastern p m o n  of the 

Site (EG&G 1995a) 

Landslide Deposrrs Landslide deposits mclude a wide vanety of mass movement deposits resulttng from 

the downslope transport of unconsolidated surficial and bedrock matenal along slip planes Landslide 

deposits are common along modem dramage slopes throughout the site and can occur as laterally 

extensive deposits (EG&G 199Sa) (Figure 3 9) These deposits consist of  matenals that are commonly a 
dark gray to light redhsh brown heterogeneous rmxture of unsorted and unstraufied surficial matenal 

and rock fragments in a wide range of sizes (includmg clasts that are of the same composiaon of the 

bedrock from which they were denved) Generally the thickness of these unrts is probably 10 to 30 feet 

(Shroba and Camera, 1994) 

Amficial FIZZ Accordmg to the Surficial Geologic Map of the Rocky Flats Euvwonmental Technology 

Site and Vicmity (EG&G 1995a) the artificial fill consists of compacted and uncompacted fill matenal 
composed of  varymg amounts of sand and fmer matenal heterogeneous cobbles and boulders and refuse 
Arhficial fill which contams refuse will be referred to as waste fill herem The u t  locally mcludes small 

areas of Rocky Flats Alluvium claystone and other unconsolidated deposits Generally the thtchess of 

h s  unrt is less than 10 feet however some of the earthen dams are greater than 30 feet hck. 

3 6 2  Inferred Faulting 

Inferred bedrock structures wtthm the OU 5 area predomnantly consists of three faults These mferred 

faults trend north northeast and are assumed to be h g h  angle reverse faults m conformance wtth the 

regional structural framework (Figure 3 11) (EG&G 1995a) The dip of the fault planes is not known 
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The longest inferred fault. referred to as Fault 2 in the Geologic Charactenzauon Report (EG&G 1995a) is 

northeast trendmg reverse fault that extends from Woman Creek to Colorado mghway 128 across the 

western part of the indusmal area and the Landfill Pond (Figure 3 1) It is assumed that the fault plane 

dips to the west This fault was confi ied durrng the past year by a senes of boreholes drdled to the north 
of the Landfill Pond as part of the Systernatlc Evaluatlon Program (SEP) (EG&G 1995d) and by 

boreholes drtlled m OU 5 This data provided the best control for both the locauon and hsplacement of 

the fault Displacement of the A claystone was detennmed to be about 60 feet at both locauons 

Fault 4 as referred to m the Geologic Charactenzauon Report (EG&G 1995a) is an &erred northeast 

trending fault that extends from Woman Creek to South Walnut Creek across OU 2 and mto OU 5 (Figure 
3 11) It is assumed that the Fault 4 is a reverse fault that dps  to the northwest, Displacement m the A 

claystone has been observed to be approxlmately 70 feet withrn OU 2 (EG&G 1995a) The locauon of 
b s  fault is simlar to that of the OU 2 bedrock step which was identtfied usmg shallow seisrmc 
reflectlon and borehole data (EG&G 1995a) 

Inferred Fault 5 as referred to in the Geologic Characterlzauon Report @G&G 1995a) also extends 
through OU 5 and is located along the southeastern edge of the Indusural Area (Figure 3 11) 

Displacement of the A claystone across b s  fault is estlmated to be approlumately 30 feet (EG&G 
1995a) 

Evaluauon of geologic and topographc features mdicates a lack of recent movement along faults at the 

Site l h s  lack of movement was recently confirmed in the Systemauc Evaluauon Program (SEW trench 

where extensive fracturing was exposed m the bedrock across Fault 2 but was not present in the alluwum 

and did not offset the unconfomuty between the L a r m e  Formauon and the overlymg Rocky Flats 

Alluvium (EG&G 1995a and 1995d) The fault is reported as not capable accordmg to Nuclear 

Regulatory Comrmssion gudelmes and therefore does not pose a seismc nsk for the site (EG&G 

1995d) 

3 6 3  Hydrogeology 

The regional hydrogeology and OU 5 hydrogeology are summanzed in the followmg secuons 
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3 6 3 1 Regional HvdrosealrrQy 

The Denver Groundwater Basm underhes a 6 700 square mde area in Colorado extendrng from the Front 

Range on the west to near Lmon on the east and from Greeley on the north to Colorado Spnngs on the 

south The center ot the basm IS located south of Bennett Colorado m western Arapahoe and Elbert 

Counues Alluvlal aquifers 20 to 100 feet in thickness commonly occur rn the valleys of large streams m 
the basm 

The four major bedrock aquifers occumng m the Denver Basm from deepest to shallowest are the 

Lararme Fox Hills Aquifer the Arapahoe Aqufer the Denver Aqufer and the Dawson Aqufer The 

Pierre Shale underlies these mts and due to its great thickness (up to 8 O00 feet) and low permeability 

(Robson et al 198 la and 198 lb) IS considered to be the base of the four bedrock aqufers listed above 

Descripuons of the Denver Basm bedrock aqwfers that east  beneath the Site the L a r m e  Fox HtIls 

Aqufer and the Arapahoe Aqulfer are presented below The Denver and Dawson Aqwfers do not underlie 
the Site 

Luramie Fox Hills Aqulfer The h a m e  Fox fills Aqwfer is composed of the sandstone and siltstone 

mts of the Fox Hdls Formahon and the lower sandstone mts of the L a m e  Formatron (Figure 3 3) 

The thickness of the aquder ranges from 200 to 300 feet near the center of the Denver Basm (Robson 
et al 1981b) The Site is located near the western boundary of the aqwfer The base of the aqmfer dips 

steeply to the east m the area west of the Site and then 2 to 3 degrees to the east beneath the site The 
upper Lararme Formahon whch separates the unconsolidated water beanng Upper Hydrostrahgraphc 

Unit (UHSU) in OU 5 (Sechon 3 6 3 2) from the underlymg Lararme Fox MIS Aqufer conslsts of several 

hundred feet of claystones siltstones and some clayey or silty sandstones with occasional coal layers 

(EG&G 1995a and b) 

In outcrop and shallow subcrop areas recharge to the L a m e  Fox Hills Aqufer occurs as mfiltrauon of 

mcident precipitauon and as diltrauon of groundwater from shallow alluwal aqufers respectlvely 

Outcrops of the Lararme and Fox fills Fonnauons m clay pits west of the Site are believed to be recharge 
areas for the aqwfer (Rockwell 1987) Toward the mtenor of the basin downward leakage may also 

occur through the upper Lararme Formahon from the overlying Arapahoe Aqwfer (Robson et a1 1981b) 

Recharge to the Lararme Fox Hills Aqufer from verucal leakage through the upper Laramre Formauon is 
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expected to be mmmal at the Site due to the substanual thickness of claystones and siltstones of the upper 

La rme  Fonnauon 

On a regional scale groundwater m the La rme  Fox mlls Aquifer flows from outcrop recharge areas 

toward the center of the basm In the vicinity of the Site groundwater flow is generally from west to east 

(Hun 1976) 

Arapahoe Aqulfer In the central part of the Denver groundwater basm the Arapahoe Formatlon consists 

of a 400 to 700 foot thick sequence of interbedded claystones siltstones sandstones and conglomerates 
with claystones and shale being more promnent in the northern thrd of the basm (Robson et al 1981a) 
Indwidual sandstone beds are commonly lenucular and range from a few mches to 30 to 40 feet m 

thickness (Robson et al 1981a) Beneath the Site the majority of groundwater flow in the Arapahoe 

Fonnauon occurs in the lenucular sandstones within the claystones The pomon of Arapahoe Aqufer 

present beneath the Site at OU 5 is not sigmficant from a regional aqwfer perspechve because it is 

truncated by drmnages on the Site and does not extend laterally from the Site to offsite areas 

Recharge to the Arapahoe Aqufer occurs by the same mechanisms descnbed for the Laraxme Fox ails 

Aquifer In outcrop and subcrop areas recharge occurs from infiltrauon of mcident precipitation and as 

mfiltrauon of groundwater from shallow alluvial aqufers respecuvely At the Site the Arapahoe 

Formauon sandstones are recharged Erom ifiltrauon of groundwater from overlying unconsolidated 
surface deposits On a regional scale the pnmary recharge mechmm for the Arapahoe Aqufer occurs 
through leakage from the overlyng Denver Aquifer (Robson et al 1981a) 

Groundwater in the Arapahoe Aquifer flows from recharge areas at the edge of the basm toward discharge 

areas along mcised stream valleys Groundwater also discharges from pumpmg wells (Robson et al 

1981a) 

3 6 3 2 OU 5 Hydrogeology 

Saturated unconsolidated surface deposits and weathered bedrock untts of the Arapahoe andor upper 

Larame Fonnmons (Figures 3 4 3 9 and 3 10) are considered the UHSU The UHSU is the 
hydrogeologic unit of concern at the Site because of the potential for contamulatlon and contarmnant 
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rmgrauon The vast majonty of site mpact has occurred in the UHSU The unweathered undfferenuated 

Arapahoe Formauon and L a r m e  Formauon are considered the LHSU at the Site Contarmnant 
concentrations in the unweathered upper Lararme Formauon at the Site are typically very low and the 

Lararme Fox Htlls Aqulfer exlsts at a substantlal depth below the Site with a substantlal tluckness of 

unweathered intervenmg claystones and siltstones separaung it from the shallow UHSU (EGBrG 199%) 

Therefore the Lararme Formauon and the Lararme Fox Htlls Aquifer are not addressed m the context of 

OU 5 hydrogeology because the potentlal for contammuon of these units from site related acuvitles 

appears to be mlnlmal 

October I995 

Hydrogeologic conditlons m the shallow surface mts at OU 5 are mfluenced by local condhons loce 

recharge and interacttons with the SID the 881 Hillside French Dram and Woman Creek The earthen 

dams of Ponds C 1 and C 2 also mfluence groundwater flow The SID and Ponds C 1 and C 2 were 

constructed to contam surface water The French Dram was constructed south of OU 1 to mtercept 

groundwater flow 

In general groundwater m the shallow unconsolidated geologic mts of OU 5 flows from topographically 

hlgher pedunent areas (recharge) toward the dramages (creeks) (discharge) that diwde the pedment areas 

Groundwater is then transmtted mto and through the valley fill alluvium that underlies the creeks 

ulumately discharging to the creeks The shape of the top of bedrock surface strongly influences 

groundwater flow by concentratmg flow w i t h  erosional lows on the bedrock surface Groundwater 

recharge to the shallow unconsolidated mts occurs pnmanly as a result of local mfiltrauon of snowmelt, 

ramfall and surface water withm the OU 5 area Groundwater recharge also occurs as mflow to OU 5 

from upgradrent areas to the west and from the mdustnal area to the north ArUficial sources of recharge 

from the mdusmal area occurs from bulldmg fmmg dram storm drams and storm surface water 
&version &tches Standmg surface water with marsh type vegemon observed along the SID suggests 

that the SID captures surface and groundwater and locally affects the recharge to the groundwater system 

Antelope Sprmgs located on the southwest comer of OU 5 receives recharge from Rocky Flats Lake 

(Figure 3 1) 

Upper Hydrostrangraphic Unit The shallow saturated hydrogeologic mts at OU 5 compnse the UHSU 
which consists of unconsolidated surface deposits (Rocky Flats Alluvium valley fill alluvium landslide 
mficial fill and colluwum) and weathered bedrock (claystone sandstone siltstone) of the 

ArapahoeLarme Formatlons that are m hydraulic commmcauon with the saturated surface matenals 
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The Arapahoe/Larame Formaon sandstones where they appear to be m hydraulic commmcauon with 

saturated surface matenals are also considered to be part of the UHSU The UHSU withm OU 5 is 

believed to exist predomnantly under unconfined condiuons however partially c o n f i g  condmons may 

exist in the bedrock sandstones that are part of  the UHSU 

Groundwater in the UHSU flows generally eastward with secondary flow patterns along slopes toward 

dramages Groundwater flow m OU 5 is strongly affected by the topographc relief the thm relattvely 

permeable surficial deposits and the underlymg impermeable claystone bedrock surface topography 
Sitewide the geometric means of the hydraulic conducuwties are 2 54E-03 cenumeters per second 

(cdsec) for the valley fill alluvium 2 1E 04 cdsec for the Rocky Flats Alluvium and 9 33E-05 cdsec  

for the colluwum 3 89E 05 cdsec  for the weathered sandstone 2 88E 05 cdsec  for the weathered 

siltstone and 8 82E 07 cdsec  for the weathered claystone (EG&G 1995b) The colluwum and landslide 

deposits are sirmlar in textural and hydrauhc propemes (Schroba and Camera, 1994) Hydraulic 

charactenstics of the mficial fill vary depending on the purpose of the fill Generally the fill ranges from 

low hydraulic conducuvity such as the Pond C 2 darn to relattvely hrgh hydrauhc conducuvrty associated 

with waste fill matenals Many areas of mficial fill are superficial (road base) and the base of the fill is 
above the water table 

I 

Groundwater elevauons in the UHSU vary seasonally with the hghest elevattons recorded durmg the late 

winter spring ume penod and the lowest elevations recorded dunng the late summer fall bme penod 

Seasonal vanauons in groundwater elevauons ranged from less than 1 foot to over 6 feet The OU 5 area 

exhlbits localized flow from seeps and spnngs on the slopes of the Woman Creek dramage (EG&G 

1995b) Some of the groundwater emergrng at seeps and spnngs is lost to evapormon however some 

flows along the surface and discharges mto Woman Creek Woman Creek is both a g m g  and a losmg 
stream In the western half of the dramage Woman Creek is generally g w g  whereas m the eastern half 

it is generally losing The extent of gamng and losing reaches vanes seasonally (Fedors and Warner 

1993) as descnbed previously m Secuon 3 5 

Groundwater level data used for the evaluauon of the UHSU were collected from hstoncal and Phase I 

momtonng wells withln the OU 5 area. These data were obtatned from RFEDS and are presented in deml 
111 Sectlon 5 8 for the mdividual IHSSs Groundwater level data were used to create UHSU groundwater 

hydrographs (Secuon 5 8) and the UHSU potentlometric maps (Secuon 5 7 Figures 3 24 3 25 3 35 and 
3 36) The potentlometnc surface maps were prepared ustng all avatlable groundwater elevauon data 

I 
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Physical parameter data, used for the evaluatton of the hydraulic propertres of the UHSU (Appendms A 

and C were o b m e d  from aqufer test results [Appendx D]) Descnpuons of alluvial and bedrock 

matenals were obtamed from lithologic logs (Appenhx B) 

Lower Hydrostrangraphic Unit The LHSU underlies the UHSU and is composed of unweathered upper 

Lararme Formauon or Arapahoe Formauon clayey to sdty sandstones claystones and clayey to sandy 

siltstones Unweathered bedrock sandstone siltstone and claystone geometnc mean hydraulic 

conducuviues are 5 77E 07 cdsec  1 59E-07 cdsec and 2 48E 07 cdsec  respectlvely (EG&G 1995b) 

The relauvely low hydrauhc conducuwty of the unweathered bedrock suggests that the unweathezed 

bedrock acts as a bamer to downward groundwater flow and effecuvely rrrrmrmzes groundwater 

mteracuon between un~ts above and below the base of weathenng Hydrograph data indicate unweathered 
bedrock and UHSU deposits are not hydrauhcally connected (EG&G 1995b) SIX bedrock wells were 

mstalled as part of the scope of TM15 to evaluate possible hydrauhc mteracuon between the UHSU and 

the LHSU in OU 5 specifically in and around the Ongrnal Landf3l (IHSS 115/196) Because of the lack 

of hydraulic connectton between the UHSU and the LHSU the vast majority of mntamtnabon occurs 111 

the UHSU A dscussion of the LHSU 111 the area of the Onpal Landfill is presented m Secuon 3 8 1 

3 7  ECOLOGY 

3 7 1 Terrestrial Ecosystems 

The Site is located just below the elevatton at whch p l u s  grasslands grade abruptly mto lower montane 

(foothills) forests (Marr 1964) The vegetauon of the Site and adjacent areas is dormnated by mxed grass 

prune interspersed with vmous upland and lowland community types 

Wildlife commuues at the Site have been greatly mfluenced by the increase m human use and 

dstwbance over the past 100 years Most notable has been the reducuon m the number and dwersity of 
ungulates and predators The relatlve isolauon and habitat diversity of the Site have resulted m a nch 

animal community when compared to nearby rangeland cropland and commercial or mdustrral 

development The absence of domesuc livestock and the proxirmty to large areas of open space have 

conrnbuted sipficantly to the ecological resources at the Site 
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More rnformahon on ecological receptors and potenhal ecological nsk m OU 5 can be found in the 

ecological nsk assessment for the Woman Creek watershed presented m Secuon 7 0 

3 7 1 1 Vegetation 

Plant communitles within OU 5 are influenced pnmanly by moisture and prior &sturbance Topographic 

posihon is the major factor influencing soil moisture Areas along Woman Creek are persistently moist 

(mesic) because of subsurface flows within the valley floor alluvium m addihon to runoff and interflow 

from adjacent hillsides The stream channel is wet (hydnc) for much of the year although durauon of 

surface flow is vanable North facrng slopes w i h  the dramage are relahvely mesic because of the low 

angle of insolahon and the retenhon of snow South facing slopes and ndgetops are not as dry (xenc) as 

mght be expected probably because of shallow subsurface flow through the Rocky Flats Alluvlum that 

caps the dramage diwdes 

A complete list of plant species documented at the Site is supplied in Appendix B of the Baseline 

Biological Characterization of Terrestnal and Aquatic Habitats at the Rocky Flats Plant (DOE 1992c) 

Mesic mxed grassland is the predormnant habitat type associated wth OU 5 occurrrng both as large 

communitles and small inclusions in other habitats It dormnates the n o d  facmg and south facmg 

hllsides along the upper reaches of Woman Creek and the broad valley floor south and east of the OU 5 

IHSSs (Figure 3 12) This habitat tends to be dormnated by sod f o m g  (rhizomatous) grasses Western 

wheatgrass (Agropyron smithii) is typically the dormnant species Other prevalent grammolds mclude 

blue grama (Bouteloua gracilis) side oats grama (Bouteloua cunipendula) prame junegrass (Koelena 

pyramidata) big bluestem (Adropogon gerardiil little bluestem (A scopanum) Canada bluegrass (Poa 

compressa) Kentucky bluegrass (Poa pratensis) needle and thread (Stipa comata) green needlegrass 

(Stipa viridula) sleepygrass (Stipa robusta) switchgrass (Panicum virgatum) and narrowleaf sedge 

(Carex srenophylla) Frmged sagebrush (Artemisia fngida) prame sage (A ludoviciana) and broom 

snakeweed (Guriernzia sarothrae) are common throughout this habitat Nonnauve species such as 

knapweed (Centaurea d i . s a )  cheatgrass (Bromus recrorum) smooth brome (Bromus inermis) and 

Russian thistle (Salsola ibenca) also exlst The prevalence of taller and more sod f o m g  grasses a 

generally higher dlversity of natlve forbs and an increased abundance of low shrubs or subshrubs 

mfluences the use by small buds and mammals 
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Xenc mxed grassland occupies the broad uplands both north of the OU 3 f H S s  and south of Woman 

Creek (Figure 3 12) This habitat is relauvely dry as a result of greater exposure to sun and wind and well 

drmned soils but persistent moisture is avmlable at relatlvely shallow depths m the Rocky Flats Alluvium 

cappmg the ndges As a result some mesophyuc species such as big bluestem and little bluestem are 

present Prevalent nauve species mclude prame junegrass red three awn (Ansrida purpurea) and 

mountam muhly (Muhfenbergia monrana) with varymg amounts of blue grama side-oats grama, and sand 

dropseed (Sporobolus cryprandncs) Other common species include needle and thread Canada bluegrass 

bottlebrush squirreltad (Siranion hystnx) and narrowleaf sedge Yucca and cacu are locally common m 
areas of shallow soil 

Annual gradforb habitat is located m the surface hsturbance south east of Pond C 1 and is domated by 

weedy species (Figure 3 12) Prevalent species are usually aggressive nonnmve annual or biemal 

plants Weedy mustards weedy composites field bmdweed (Convolvulus arvensts) and great mullem 

(Verbascum rhapsus) dormnate these areas along with cheatgrass and Japanese home (Bromus 
japonicus) Cover height and seed producuon may support some wildlfie use but relatwely low 

dwersity extreme seasonality and short lived productwity are l immg factors 

Reclmmed grassland generally occurs as distmct planmgs north of Woman Creek up to and mcludmg 

patches m the mdusmal area of the Site (Figure 3 12) Thrs habitat consists of mtroduced range or pasture 

grasses partlcularly smooth brome (Brornopsrs inennis) and intermediate wheatgrass (Agropyron 

inremedium) with mnor amounts of crested wheatgrass (A cnsrarum) Many of the stands are nearly a 

monoculture of the planted species The low plant drversity and structure of these coarse grasses are 

important linutmg factors on wldltfe use 

kpanan woodland habitats are associated with the hydnc soils located along a n m w  corndor on either 

side of Woman Creek and along the m a r p  of Ponds C 1 and C 2 (Figure 3 12) Thu habitat consists of 

mature plms cottonwoods (Populus deltoides) and peachleaf willows (Salu amygdaoufes) occumng 

either as small clumps or mdivldual trees along the dramages ponds and seeps Associated species often 

mclude those listed below for npanan shrubland as well as wild rose (Rosa spp ) golden currant (Ribes 

aureum) snowberry (Symphomarpos spp ) and a vanety of grasses and forbs The presence of large 

trees and seasonal avmlabihty of surface water attract wildlife not otherwise associated with the prame 
ecosystems that dommate the Site 
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Ripman shrubland also occurs along the Woman Creek corndor often in associatlon with npman 

woodland Domnant species include coyote willows fSalix exigua) peachleaf willows and leadplant 

(Arnorpha fruticosaI The shrubby species that domnate h s  habitat support use by some wetland or 

ripman wildlife species but diversity and density are typically lower 

October 1995 

Short marsh habitats occur along Woman Creek and the SID and m groundwater seep areas to the south It 

requlres seasonally wet (saturated) sites such as hllside seeps (Figure 3 13) They are domtnated by 

sedges rushes and hydrophytx forbs Low plant height, low plant species diversity dense cover and wet 

soil limt the variety of wildlife using thrs habitat type 

Ponderosa pme woodland occurs as sparse stands on rocky uplands such as those found in the surface 

disturbance located south of the south fork of Woman Creek (Figure 3 12) The understory beneath the 

open pine canopy is tvpically domated by natlve species charactensuc of the footlulls a few d e s  west 

of the Site Shrubs 111 the understory include wax currant (Ribes cereum) skunkbrush (Rhus tnlobutu) 

and snowberry Ponderosa pine (Ptnw ponderosa) attract wildlife not othemse present in p r m e  

ecosystems mcludmg a number of species that are eastward extensions of the nearby foothills fauna 

Disturbed commumues andor barren lands occur as small inclusions of other habitat types usually 

associated with IHSSs Some IHSSs such as the old landfill are essentlally devoid of vegetahon Most of 

the disturbed land has been invaded by annual weeds such as tumble mustard (Suymbnum ultusimum) 

tansy mustard (Descurainla pinnata) alyssum (Alvssurn minus) prickly lettuce (Luctucu semolu) dtffuse 

knapweed f Centana d,!fisu) Russian hs t le  (Salsola ibenca) kocha (Kochzu scopuna) and bracted 

vervan (Verbena bracteatu) The lack of cover and food limt wlldhfe use of thts habitat 

3 7 1 2 Wildlife 

Large Mammals Wddhfe species withm OU 5 are typical of the Site and simlar habitats throughout the 

Front Range foothdls This semblance is due to a lack of barriers withm the Site and between the western 

plans and the surrounding foothtlls Larger mammals observed within OU 5 mclude the coyote (Canis 

latrans) and mule deer (Odocorleus hemionus) Both of these species are wide raugmg and the mosac of 

habitats withm OU 5 is slutable for thetr use Raccoons (Procvon lotor) long ta~led weasels (Mustela 
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frenata) stnped skunks (Mephitis mephitis) and red foxes (Vulpes vulpes) also occur at me Site 111 

habitats such as those m OU 5 

Small Mammals The most common and widespread small mammal withm OU 5 is the deer mouse 

(Peromyscus maniculatus) which has been captured 111. nearly every habitat type Addittonal small 

mammal captures include the meadow vole (Microtus pennsylvanicus) prame vole (M ochroguster) 

plams harvest mouse (Reithrodontomys montanus) western harvest mouse ( R  megalofus) and hispid 

pocket mouse (Chuetodrpus hrsprdus) Less widely bstnbuted species mclude the silky pocket mouse 
(Perognathusflavus) plams pocket mouse (P jlavescens) olive backed pocket mouse (P fasczufus) and 

meadow jumpmg mouse (Zapus hudronius) 

The meadow jumpmg mouse is of special merest because the subspecies that occurs at the Site Preble s 

meadow jumping mouse (2 h prebler) is a candidate for federal Iistmg as threatened or endangered 

(Figure 3 14) Preble s meadow jumpmg mouse has been captured at OU 5 and a sipficant amount of 

swtable habitat occurs there (Figure 3 14) Anunals were captured in npanan areas with welldeveloped 

shrub canopies and a relauvely lush understory of grasses and forbs Thrs is typical of habitats occuped 

by the subspecies throughout its range Quanhmve descrtpttons of small mammal distnbuhon and 

abundance can be found 111 the Ecological Monrtonng Program 1995 Annual Report @G&G 1995f 
pending clearance) 

Birds A vanety of brds of prey occur at the Site The most common species are the red mled hawk 

(Buteo jamaicensis) and great homed owl (Bubo virginranus) both of whch are present on the site 

throughout the year and nest m matm cottonwoods or comfers such as those found m the Woman Creek 

valley Other species that breed onsite mclude the S w m n  s hawk (Buteo swuinsonrr) Amencan kestrel 

(Falco sparvenus) and long-eared owl (Asio ofus) 

The C ponds constructed at the Site for control of surface water runoff support seasonal use by a number 
of wadmg brds shorebuds waterfowl and related species The largest water bud observed at the site 1s 

the great blue heron (Ardea herodas) whch preys on fish amphibians and large macromvertebrates 
Herons are prevalent at Pond C 2 because of its abundant fathead mmow populauon The smaller black 

crowned mght heron (Nycticorax nyctlcorax) also feeds along the ponds although less commonly 

Neither of these species is known to nest in OU 5 although they use the site dunng the breedmg season 
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The most common waterfowl on Ponds C 1 and C 2 are the Canada goose (Bruntu canadensis) mallard 

(Anus plazvrhynchos) gadwall (A strepera) green winged teal (A. crecca) blue wmged teal (A discors) 

and pied billed grebe (Podilymbus podiceps) All of the species listed above nest m wetland vegetauon 

along the margins of the ponds 

The most extensive small bird commumes m OU 5 are domated by ground nestmg species typical of 

prame ecosystems in the region kdgetops and hillsides support species such as western meadowlark 
(Sturnella neglectu) vesper sparrow (Pooecetes grammeus) and grasshopper sparrow (Ammodramw 

savannarum) plus the homed lark (Eremophila alpestns) in more xenc habitats 

The presence of mature deciduous trees along Woman Creek npanan corndors attract sarboreal (tree 
nestmg) species such as the northem flicker (Colaptes auratus) eastern and western lunguds (Tyrannus 

tyrannus and T verticalis) black billed magpie (P ica pica) Amencan robtn (Turdus migraronus) 

warbling vreo (Vireo gilvus) yellow warbler (Dendroica petechia) northem onole (Icterus galbula) blue 

grosbeak (Guiraca cyaneu) and Amencan and lesser goldfinches (Carduelis tnstis and C psultna) 

Wetland shrubs and cattatls support a songblrd community domated by the red winged blackbird 
(Agelarus phoeniceus) common yellowthroat (Geothlypis tnchas) song sparrow (Melosprza melodia) and 

less commonly the yellow headed blackbud (Xunrhocephulus xunthocephulus) 

Reptiles and Amphibians As is typical for the region repttle and amphbian species are not as numerous 

as other mvertebrates m OU 5 The most common species are the bullsnalre (Pinrophrs rnelanoleucus) 

yellow bellied racer (Coluber constnctor) garter snakes (Thamnophrs spp ) and prame rattlesnake 

(Crotalus viridis) All of these species occur m the open grassland habitats that dormnate OU 5 although 

the garter snakes are frequently found m or near water 

By far the most abundant and widespread amphibian at the Site and wi- OU 5 is the boreal chorus frog 
(Pseuducns tnsenatu) This small wetland dwelling member of the tree ftog famdy occurs in vtrtually 

every stream pond ditch or other area where surface water persists through the spnng and early summer 

A true frog the northern leopard frog (Runu pipiens) is completely aquauc and requres permanent water 

such as is found in the C ponds 
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The Woodhouse s toad (Bufo woodhauser) breeds in ponds and streams at the site but may wander 

considerable distances from water in search of insect prey The plms spadefoot (Scaphiopus bombifronsi 

requlres the least persistent water of any of the amphtbians at the site like true toads such as the 

Woodhouse s toad spadefoots spend most of the year in the mud beneath seasonally wet sites 

Arthropods Four classes of arthropods have been captured dunng sweep netung pitfall trappmg or 

opportu~llsuc netung of mvertebrates withln OU 5 the mlllipedes (Diplopods) isopods or pill bugs 
(Crustacea) spiders and allies (Arachda) and insects (Insecta) (DOE 1992c) Of these the msects were 

the most abundant and taxonomcally diverse group 

The arthropod commuty in OU 5 prowdes a prey base for msecuvores Grasshoppers and leafhoppers 

are probably the most important prey groups because of theu abundance size and tendency to occur on 

the foliage of plants where they are easily detected and captured Large grasshoppers are also consumed 

by predators such as kestrels and coyotes 

3 7 2 Aquatic Ecosystems 

Aquauc habitats withm OU 5 are resmcted to the head waters of Woman Creek and its tributaries 

Intermittent stream flow with areas of persistent flow typifies Woman Creek 111 OU 5 intemuttent 

segments contam isolated pools that provide important habitat for many aquauc species d m g  the late 

summer and early fall when flow ceases Persistent flows ongmate from seeps and spnngs around SW104 

a surface water sampling site south of the OU 5 area from Rocky Flats Lake an abandoned gravel pit 

southwest of the Site and lspersed groundwater seeps along Woman Creek Pond C1 is the only 

impoundment of Woman Creek on the Site as Pond C 2 receives flow from the SID 

OU 5 IHSSs do not appear to impact Woman Creeks water quahty Water quallty throughout the upper 

reaches of Woman Creek is good and heterogeneous substrate in the stream channels prowdes habitat for 

species adaptable to vmable flow O E  1992% 1992c) 

Benthic Communities The benthtc macromvertebrate comumty withm Woman Creek is relatlveiy nch 

and averse (DOE 1992c) The most abundant and widespread groups overall m stream communittes are 

the larvae of true flies (nptera) and mayflies (Ephemeroptera) The most common dtpteran taxa are 
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blackflies (Simulidae) and rmdges (Chironormdae) Both caemd and baeud mayflies are also common 

Other aquauc invertebrates include caddisflies (Tnchoptera) craneflies (Diptera Tipulidae) predatory 

damselfly larvae (Odonata) and two non insect taxa, the amphipod (sideswimmer) (Hyalella meca)  and 

the snad (Phvsella sp) Species nchness for mayflies and caddsflies mcreases from headwater segments 

to SW026 (east of Pond C 2) where flow m Woman Creek decreases apparently due to loss to 

groundwater (DOE 1992c) 

The OU 5 pond habitats provide a more reliable water source than the intemttent stream channels 

However as is typical of lenuc (pond) water bodies the more homogenous subsuate and lack of flow 

lirmts the macroinvertebrate communihes Most of the commuues are strongly dommated by rmdges 

and aquauc earthworms (Oligochaeta) Pond C 1 with a more developed a q m c  plant commmty along 

the edges supports a more diverse assemblage of nektonic forms including water stnders (Hemiptera 

Gemdae) and water boatmen (Hemiptera Conxldae) Predatory dragonfly nymphs (Odonata) are present 

m the C ponds as are crayfish (Astacidae) 

Fish As with macromvertebrates low and intemttent flow along most stream reaches withm OU 5 

greatly limts the ichthyofauna of the site Species captured m the streams include the creek chub 

(Semotilus atromaculatus) stoneroller (Campostoma anomalum) fathead rmnnow (Pimephales promelas) 

and green sunfish (Lepomis cynnellus) Of these species the creek chub is the most tolerant of poor water 

condiuons McClane (1978) reported that w i h n  its range the creek chub may be found in almost any 

stream capable of suppomng fish life 

Fish communiues in the C ponds are hlghly mfluenced by the presence of sutable substrates aquatlc 

vegetauon and persistence of water The most common species include the golden shmer (Notemigonus 

crysoleucus) white sucker (Catostornus commersoni) and largemouth bass (Micropterus salmoides) 

Golden shmers feed on a vanety of small prey and algae and may themselves be important prey for larger 

fish or piscivorous birds because of the large populauons they attam and therr relauvely large size Wlute 

suckers are tolerant of large amounts of polluuon siltation and turbidity and able to survive in waters 

low in oxygen (McClane 1978) This widespread species feeds on mect  larvae and algae Largemouth 

bass caught m Pond C 1 include large individuals that undoubtedly are at the top of the aquauc food web 

aside from large terrestrial piscivores such as cormorants or great blue herons 
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3 7 3 Species and Habitats of Special Concern 

October 1995 

Candidate endangered ammal species of interest mclude the Preble s meadow jumpmg mouse and 

ferruginous hawk (Buteo regalis) Both have been documented at the Site durmg field mvestrgattons m 
1991 and 1992 Specimens of Preble s meadow jumpmg mouse were collected in moist halntats along 

Woman Creek in both 1991 and 1992 (EG&G 1992g) Swrunson s hawks nest at the Site and the tall 
cottonwoods along Woman Creek represent suitable nest sites Ferrugmous hawks are present m the 

region pnmmly dunng the winter but an m a t e d  juvenile male spent considerable ttme m the Woman 
Creek dramage dunng the summer of 199 1 

Only one endangered plant species the Ute (or hluvium) ladies tresses orchld is potentrally on or near 

the Site It has been observed on Boulder County open space 10 mles to the north and along Clear Creek 

to the south However it has not been observed d m g  mtensive field mvestlgatrons m OU 5 and other 

reaches of Woman Creek m 1991 or dmng a sitewide endangered species survey m 1992 (EG&G 1992h) 

3 8 PHYSICAL CHARACTERISTICS OF EACH IHSS 

"Ius secuon provides discussions of physical charactensttcs as they pertam specifically to the geology and 

hydrogeology of each IHSS withm OU 5 The physical s e w g  of each MSS is also descnbed withm each 

of the followmg secttons 

3 8 1 IHSS 115 {Original Landflll) and IHSS 196 (Filter Backwash Pond) 

This sectton discusses the geology hydrogeology and physical setmg of MSSs 115 and 196 Because 

IHSS 196 is located withm the boundmes of IHSS 115 these IHSSs are dmussed together 

The Ongmal Landfill (MSS 115) and the Filter Backwash Pond (IHSS 196) are located within the south 

buffer zone just south of the Site mdusmal area (Figure 3 15) IHSS 115/196 ace located north of Woman 

Creek on a moderately to steeply slopmg south facmg tullside (DOE 1994a. Appendix C Photos 39 40 

and 42) The northern pomon of the Ongmal Landfill lies just south of the buffer zone access road and 

forms a flat bench that drops off to the south (DOE 1994a Appendix C Photo 14) In the western sectton 

of the Onginal Landfill (DOE 1994a, Appen&x C Photo 47) an erosional swale exlsts The ongmal 
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I 

landfill extends beneath the SID and the SID road and along the south slopmg lullside down to Woman 

Creek Three seeps have been identlfied along the eastern edge of the surface disturbance east of the 

Original Landfill (Figure 3 15) A sewer outfall pipe daylights in the top central pomon of the ongmal 

landfill (DOE 1994a Appendix C Photos 5 1 and 54) Waste debns can be found along the surface of the 

original landfill and stlckmg out of sloped areas (DOE 1994a Appendix C Photos 19 20 44 52 and 53) 

IHSS 196 lies near the bottom of the above mentloned swale north of the SID withm IHSS 115 (Figure 

3 15) IHSS 196 lies within a flat sechon of the swale and is surrounded by steepmg sloping sidewalls to 

the north west and east Two seeps have also been idenhfied m the area of and west of IHSS 196 (Figure 

3 15) 

The physical charactensucs of the IHSS 1 15/196 area were based on infonnatlon from the Phase I and 

TM15 field invesugauons (DOE 1992a and 1994a) the Geologic Charactenzauon Report (EG&G 

1995a) the Hvdrogeologic Charactenzauon Report (EG&G 1995b) and the Prehmnary RFETS OU 5 

Geotechnical Investigauon (EG&G 1995e) 

3 8 1 1 Geology IHSS 11 5/196 

Geologic deposits present in IHSS 115/196 consist of unconsolidated mficial fill waste fill landslide 

colluvium valley fill alluwum (Piney Creek Alluvium) Rocky Flats Alluvium and consolidated bedrock 

of the undifferenuated ArapahoeLararme Formatlons and are discussed below Borehole and monitonng 

well locauons are presented 111 Figures 2 4 and 3 16 The prelirmnary geotechcal map of the area shows 

the surficial geology and is presented m Figure 3 16 Geologic cross secttons through the area are 

presented in Figures 3 17 through 3 20B Figure 3 21 presents the thickness of unconsolidated matenals 

m IHSS 1151196 whch range from 2 feet up to approxlmately 37 feet The h c k s t  secuons of 

unconsolidated matenal is apparently Rocky Flats Alluvium in the northwest (bomg 59594) waste fill in 

the central (bonng 58693) and artlficial fill and landslide matenal m the southeast center (57094)of the 

Original Landfill 

Artificial Fill Artificial fill was encountered along the eastern pomon of IHSS 115 and consisted 

primmly of sandy gravely clay and lacked plant producuon waste The aruficial fill was placed along the 
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south side of the SID dunng its construchon and consisted of excavated material and clean imported road 

base/fill 

Waste Fill Waste fill encountered m IHSS 119196 consisted predomnantly of sandy clayey gravels and 

cobbles derived from the Rocky Flats Alluvium mxed with varymg amounts and types of waste from 

previous productlon at the site Types of waste observed dunng h s  investlgatton lncluded sheet metal 

wood broken glass glass bottles plasuc rubber metal shavlngs cerarmc shmgles natls solid blocks of 

graphte fine graphte silt and sand concrete asphalt, and 55 gallon steel drums The consistency of the 

waste fill ranged from loose and unconsolidated to moderately dense and consolidated The tluclcest 

deposits of the waste fill ranged from 9 feet (bonng 56994) 12 feet (59194) and 15 5 feet (bolmg 56893) 

111 the central area of IHSS 1 W196 to approxlmately 12 to 20 feet on the west side of IHSS 115 

(Figure3 17) 

Landslide Landslide deposits were not differenuated from the other geologic deposits presented m Figure 

3 16 because the other geologic wts were mcorporated mto the landslides d m g  the landslidrng Figures 

3 18 through 3 20B show a symbol for landslide deposits however this wt may contam matend from 
several discrete umts and possibly dlfferent landslide events A discussion of the landslidrng m IHSS 

115/196 is presented 111 Sechon 3 8 1 2 

Colluvium Colluvium is exposed u1 small undsturbed areas south of the Rocky Flats pediment terrace 

(Figure 3 16) where the deposit was developed on the gently slopmg bedrock surface Colluwum 
consisted pnmanly of sandy clayey gravel and cobbles and sandy clay In cross secuon the colluwum 

appears to mxed with and apparently mobillzed m t ~  the landslide deposits The tluclrness of colluvlum 
ranged from 1 foot up to 13 feet 

Valley FiZI Alluvium/ Piney Creek Alluvium Valley fill alluvium (Piney Creek Alluvium of Figure 3 9) 

was encountered along Woman Creek and consisted pnmmly of sandy to silty-clayey gravel with cobbles 

The maximum hckness of valley fill alluvium was 5 to 7 feet 

Rockv Flars Alluvium Rocky Flats Alluvrum was encountered on the nortb side of IHSS 115/196 and 

consisted primanly of gravelly sand with some clay to sandy clay and clayey sand with some to trace 

gravel In addihon there was a paleo-stream channel encountered In bonng 59594 where a me&um to 
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fine gramed sand was observed from 32 feet to 37 45 feet immediately above the underlying bedrock 

Thickness of  the Rocky Flats Alluvlum ranged from apprommately 15 feet (bonng 56994 where 9 feet of  

overlying waste fill was observed) to 37 45 feet (bonng 59594) 
I 

ArapahodLaramie Formations The undifferenuated Arapahoekaranue Formauon m IHSS 1 15/196 

consisted predomnantly of claystone with some thm mterbeds and larmnae of  siltstone and sandstone 

The claystone was observed to be massive to hnly  lammated conmmg trace lronstone nodules trace to 

some orgmcs in the form of  leaf impnnts dissermnated carbon and trace k p t e  interbeds with some 

thln interbeds and lammae of siltstone and sandstone Sandstone and siltstone mterbeds from 0 5 to 10 

feet m thickness consisted of very fme to fine gramed clayey to silty sandstones and sandy to clayey 

siltstones slightly fnable to well cemented trace ironstone nodules cross bedded to lammated with some 

soft sediment deformahon structures and trace fossils with trace to some dusertunated carbon 

As part of the groundwater mvesugauon to evaluate possible hydraulic interacuon between the UHSU and 

the LHSU and to evaluate the inferred Fault 2 (Figure 3 11)  five bedrock boreholes (56694 57194 

57594 59894 and 71 194) were dnlled m and around the IHSS 115/196 area (Figures 2 4 and 3 16) 

Momtormg wells were mstalled m the borehole and screened where potentlal water beanng sandstones or 

siltstones (Figure 3 8) were encountered on the basis of the geologic and geophysical logs (Appe!ndm B) 
Bonng 56694 was abandoned due to borehole collapse d u n g  well mstallahon and bonng/well59394 was 

mstalled as an offset A slxth well (71494) was located on the basis of the upper siltstone mterval 

observed at locauon 57194 The inferred Fault 2 apparently intersects the Old Landfill between locauons 

71 194 and 57194 strilung north northeast Vertlcal displacement of the A claystone along Fault 2 was 

esumated at 60 feet 

As part of the geotechcal invesugauon of the Onginal Landfill (EGBrG 1995e) the claystone bedrock. 

presented m cross secuons A A through D D (Figures 3 17 through 3 20b) was drfferentlated based on 

the degree of  weathemg Classificauons are severely weathered claystone moderately weathered 

claystone and fresh claystone Severely weathered claystone ranged m hckness from 0 5 feet to 4 feet 

and is weathered to the extent that little to no onginal rock texture or structure are recogmzable 

Moderately weathered claystone ranged in thickness from 2 feet to 23 feet and is hghly weathered 

(showing some discernible bedding structure with heavy iron oxide s w n g  of  both the groundmass and 

fractures andor bedding planes) to moderately weathered (easily discemble beddmg structures with 
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vanable amounts of iron oxide stammg) to slightly weathered (occasional lron oxlde s m u g  along 

fractures and beddmg) Fresh unweathered bedrock is charactenzed by the absence of tron-oxtde stanng 

3 8 1 2 Landsliding IHSS 115/196 

As shown on Figure 3 16 several discrete landslides as well as general areas of land shdmg WI- the 

IHSS 1151196 area were defined d u n g  the geotechnical mvesugatton Other areas of land slidmg may 

possibly exist withrn the study area, although these areas are not readily evident due to thelr lack of 

mdicattve surface morphology Such areas would mvolve shdes that are obscured by fill and that are not 

apparent on pre landfill arphotos or that are very old with completely eroded surface features (EG&G 
1995e) 

Three types of slope fadure were noted withrn the IHSS 1 W196 area dunng th~s geotwhcal study 

These falure types involve different geologic matenals underlying the landfll slope and are presented 

below 

The fmt type of slope fadure mvolved waste fill land sliding on severely weathered claystone Ewdence 

for this type of  fatlure was encountered 111 borehole 57194 whch was located apprommately 20 feet 

downslope of the upper concave landslide scarp m the central portton of the upper landfidl slope (Figure 

3 21) (EG&G 1995e) Approximately 3 feet of  waste fill on disturbed moderately weathered claystone 

overlies in place severely weathered claystone The contact of dsturbed and m place claystone at 4 feet 

lies along a nearly honzontal(l0 degree) shck slide surface The disturbed matenal from 3 2 to 4 feet 

may represent a block of claystone worked rn with the waste dunng fill placement, or bedrock 
mcorporated withm the slidmg fill (EG&G 1995e) 

The second type of slope fatlure mvolved colluvlum slidmg on severely weathered claystone Evidence of 

th~s type of land slidmg was found m borehole 7 1294 located within the recent slide mas at the southeast 

comer of the study area. The colluvlum at tlus locauon appears to have faded on or with underlymg 

severely weathered claystone (EG&G 1995e) 

The thud type of slope fadure mvolved landshdmg withtn moderately weathered claystone Direct 

evidence of this type of slope falure was found III bonng 57694 and in deep bedrock momtoring well 

3 32 



Rockv Fiats Environmental Technologv Site 
Final Draf-Phase I RFIlRI Report Operable Unit 5 October 1995 

57594 These boreholes were drilled in the lower slope south of the SID m the east poruon of IHSS 115 

(Figure 3 21) (EG&G 1995e) At borehole 57694 (drdled into a relattvely recent land slide) 3 feet of 

colluvium and 11 5 feet of underlying moderately to severely weathered claystone overlie in place 

severely weathered claystone at 14 5 feet At borehole 57594 a simlar sequence with 6 feet of colluvium 

and about 10 5 feet of claystone overlies in place moderately weathered claystone at a depth of 16 5 feet 

(EG&G 1995e) The landslide encountered in borehole 57694 is shown on sectlon C C 

The occurrence of colluvium or landslide debns underlam by moderately weathered claystone without an 

intermedate zone of severely weathered bedrock, presents indirect evrdence of shdmg wrttun the 

moderately weathered claystone Thls relatton was encountered in several boreholes includmg 59694 

58693 57094 and possibly 56994 (EG&G 1995e) The land slides as lnteqmted m these boreholes 

located along the slope above the SID are shown m secuons A A and B B and Figure 3 21 

Based on a 195 1 surphoto boreholes 59794 71 194 58693 59294 and 59094 are located wthm the lmts 

of what appears to be a large landslide (Figure 3 21) No apparent slide debm was encountered m bonngs 

59794/7 1 194 however the alluwal bedrock contact is approximately 14 feet deeper than the elevatton of 

the contact observed in borings 43392 and 59194 suggesung some movement downslope at ths locahon 

has occurred At 58693 roughly 12 feet of wet colluvium/shde matenal underlies approxrmately 15 feet 

of waste fill and overlies fresh claystone at about 27 feet Boreholes 59294 and 59094 are located on the 

lower slope south of the SID 59294 shows landslide matenals that overlie severely weathered claystone 

and 59094 shows slrmlar landslide debns overlylng valley fill alluvium along Woman Creek (EG&G 

1995e) 

The geologic mterpretauon presented on Sectlon B B (Figure 3 18) suggests a h c k  landshde deposit or 

complex of land slides through borehole 57094 This interpretahon 1s based on the appearance of 

colluviudslide matenal 111 the deeper poruon of the core from 57094 the low top of bedrock elevatlon 

the relattvely thtn moderately weathered zone underlying colluvium/shde and the base elevatlon of the 

nearby land slide evldenced m core from borehole 57594 Along the upper p m o n  of Sectlon B B shdmg 

at the locauon of grouped boreholes 57194 58394 and 71494 (located between promtent scarps on the 

upper landfill slope) involves waste fill slipping on weathered claystone The conceptual landslide model 

presented on Secuon B B shows waste fill below the lower scarp f a h g  on the older slide matenal 

encountered in 57094 The actual depth of ths upper waste fill slide below the lowed scarp is uncertam 
(EG&G 1995e) 
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No compelhg evidence for deep seated sliding withm the fresh claystone was encountered d m g  the 

geotechnical invesugahon (EG&G 1995e) 

3 8 1 3 Hydrogeology IHSS 11 5/196 

The UHSU hydrogeology of the IHSS 113196 area is charactenzed by the southerly slope toward Woman 
Creek man made drmages (the SID and buldmg drams) and groundwater flow through the 

unconsolidated surface deposits (mficial fill waste fill landslide deposits colluwum, and valley fill 
alluvium) and the weathered bedrock of the Arapahoekaraxme Formmons) As descrrbed m Secuon 

3 6 3 2 the LHSU consists of unweathered bedrock of the Arapahoe/Larme Formations A total of sixty 

one wells or piezometers (well pornts usmg teflon tubmg rmor wells usmg 1 inch PVC pipe and 

momtonng wells usmg 2 inch PVC pipe) were installed m the IHSS 1151196 area as part of the OU 5 

RFYRI rnvesugauon The UHSU potenuomemc surface for September 1994 and May 1995 are presented 
111 Figures 3 24 and 3 25 whch represent the lowest and hghest water level elevauons respechvely 

recorded dunng the penod August 1994 to July 1995 Only four UHSU wells were dry dunng the May 

1995 water level momtonng event and these iocauons were south of the SID on bedrock topograph~c 

hghs Well 62893 whch was constructed m an area of a seep was observed to be flowmg at the surface 
d m g  May 1995 

Groundwater generally flows from the upgraent Rocky Flats Alluvlum through the laterally continuous 

and intertonguing unconsolidated surficial mater~als m a south southeasterly drecuon untll reachmg the 
apex of Woman Creek (Figures 3 17 to 3 19) Along Woman Creek the groundwater flow duecuon 
changes to an easterly drecuon parallel to surface water flow The average groundwater gradrent is 0 13 

foot/foot dunng September 1994 and 0 16 foodfoot d m g  May 1995 Groundwater flow is downgradrent 

along the contact between the overlymg unconsolidated deposits and the low permeatnlity claystone 
bedrock 

Recharge of the IHSS 115/196 area is prunmly from upgradient precipitauon &ilfratlon (ground surface 

and along the SID) and possibly from buddrng dram Groundwater discharges to the surface m places of 
shallow bedrock as diffuse flow (seeps) and concentrated flow (spnngs) (Figures 3 15 and 3 16) Below 
the SID Woman Creek is a losrng stream for most of the year except for the wettest months Seasonal 

vanauons m recharge strongly affect the UHSU potenbometnc surface (Figures 3 24 and 3 25) Figures 
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3 22 and 3 23 present hydrographs of wells located m the IHSS 115/196 area. Note the cyclic nature of 

the hydrographs for wells 59493 and 59593 whch were monitored over a two year penod (Figure 3 22) 

Seasonal fluctuauons of six feet were observed m the wells located in IHSS 196 (wells 59493 63893 

63993 and 64093) and over nine feet in well 60593 southwest of IHSS 1 W196 

October 1995 

Hydraulic charactensucs of the waste fill in IHSS 115/196 were esumated d m g  aqtufer tests performed 

m 1993 (DOE 1994a) Results of the test on Well 59493 revealed hydraulic conductlvihes ranged from 
1 37E 03 to 1 73E 02 cdsec  Hydrauhc conducuvihes in this range are mdicauve of permeable well 

sorted sands and gravels The log of 59493 mdicates the waste fill is underlam by approximately 1 foot of 

colluvium which is underlam by fresh to moderately weathered claystone bedrock 

Hydraulic conducuvihes of the valley fill alluvium/Piney Creek Alluvium in IHSS 115/196 were 

esumated i well 7086 d u n g  aqulfer test evaluahons for the RFETS Hydrogeologic Charactenzauon 

Report which ranged from 1 5E 04 to 6 8E 04 cdsec  (EG&G 1995b) 

Hydraulic characterisucs of the Rocky Flats Alluvium m IHSS 115/196 were estlmated durmg aqulfer 

tests performed m 1995 by the Aqufer Testmg Program (EG&G 19951) Hydraulic conduchvitres in well 

56994 ranged from 1 OE 05 to 1 2E-06 cdsec  using the fallmg head and nsmg head methods 

respecuvely and well 59594 was estunated at 7 7E 03 cm/sec using both the nsing and falling head 

methods 

Hydraulic charactensucs of the colluvidandslide matenai in IHSS 119196 were estlmated dunng 

aqulfer tests performed m 1995 by the Aqufer Testmg Program (EG&G 19951) Hydraulic conductlvihes 

m well 59694 were eshmated at 6 8E 07 cm/sec using the nsmg head method 

As descnbed m Secuon 3 5 3 2 the LHSU consists of unweathered bedrock of the Arapahoe/Laranue 

Formauons To evaluate the potenhal for hydraulic mteracuon between the UHSU and LHSU six bedrock 

momtonng wells were mstalled durtng the implementauon of TM15 (DOE 1994a) One of the SIX 

momtonng wells (well 57594) displayed artesian condiuons (a water level elevatlon hlgher than the top of 

the confiied aquifer it is screened m) dunng May 1995 Well 57594 had a hydraulic head measured at 

5940 5 feet above MSL and two adjacent UHSU wells with lower water table elevauons wells 59993 and 

57994 at 5937 feet and 5936 feet above MSL respecuvely Thus the vertlcal g r d e n t  m th~s area near 

Woman Creek is upward at 1 0 footlfoot 
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Of the SIX LHSU wells three developed sufficient groundwater to be sampled for water quality parameters 

(57594 59894 and 71494) the remammg three wells have developed very slowly and have not been fully 

developed or sampled (57194 59394 and 71194 Water level measurements from wells 57194 59394 

and 71 194 have not stabilized since mstallauon which is consistent with the textural propemes and low 

permeabiliues of the LHSU Water level measurements in wells 57194 59394 59894 71194 and 71494 

mdicate downward vemcal gradtents reflecung areas of recharge 

Hydraulic charactensacs of the LHSU m IHSS 1 W196 were esumated durrng aqrufer tests performed m 

1995 by the Aqufer Tesung Program (EG&G 19951) Hydraulic conducuviues of the upward f u g  

clayey sandstone to sandy claystone in well 57594 ranged from 1 1E 06 to 7 OE 07 cm/s Hydraulic 

conducuvlues of the sandy siltstone m well 59894 ranged from 2 5E 06 to 9 7E 07 Hydraulic 

conductiviues of the siltstone in well 71494 ranged from 3 8E 06 to 6 2E-06 The hydraulic conductlvitles 
of the LHSU lithologies screened m IHSS 1 W196 are comparable to the geomemc means for 

unweathered bedrock sandstone siltstone and claystone (5 77E 07 cm/s 1 59E 07 c d c  and 2 48E 07 

c d s  respecuvely [EG&G 1995b1) reported m Sectlon 3 5 3 2 

In sulll~~lslfy on the basis of the contrasts m hydraulic conducuviues observed m IHSS 1 W196 the UHSU 
groundwater flow is along the contact between the fresh to moderately wearhered bedrock and the 

overlying unconsolidated surficial matenals Due to the downward verucal grachent created by the two to 

three orders of magnitude dtfference rn hydraulic conducuviues between waste filYRocky Flats Alluvlum 

and the bedrock in IHSS 119196 very little possibility exists for downwrnd mgratlon of contarmnants 

3 8 2 IHSS 133 (Ash Pits Incinerator and Concrete Wash Pad) 

This secuon dscusses the geology hydrogeology and physical setung of IHSS 133 The MSS 
mcorporates four ongmal ash pits and two new ash pits O E M  land TDEM 2) that were used to dtspose 

of mcinerator ashes the former manerator area and a concrete wash pad The concrete wash pad was 

used to wash out cement trucks that were bemg used to construct the Site facilrues 

The IHSS 133 area is located wittun the south buffer zone just southwest of the Site mdustrial area south 

of the west access road and north of Woman Creek (Figure 3 15) SIX IHSSs one pit, and a disturbed area 
east of the IHSSs were idenMied Two addttlonal ash pits (TDEM 1 and TDEM 2) were tdentrfied from 
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aenal photographs results of the TDEM survey and the soil bormg invesbgmon IHSSs 133 1 through 

133 4 (the four onginal ash pits) IHSS 133 6 (concrete wash and disposal area) and the two TDEM 
anomalies lie south of  a steep south facmg slope on a fmly flat lymg surface that slopes gently toward 

Woman Creek (DOE 1994% Appendix C Photos 31 and 32) Photographs 18 and 36 in TM15 
Appendix C show IHSS 133 2 (an ash pit delineated by two signs shown at the nght side of  photo 18) 

located just below the above mentloned steep slope The terram is hummocky (DOE 1994% Appendix C 

Photos 3 1 and 32) and the individual ash pits can to some extent be identlfied as a hump on the ground 

surface IHSS 133 5 (shown on DOE 1994% Appendix C Photo 17) occupies a portron of the above 

menuoned steep south facmg slope and a poruon of a flat bench above the sloped area IHSS 133 5 is the 

where the old incinerator was located and an area that was subsequently used for washmg concrete trucb 

It was common pracuce for concrete trucks with unused partlal loads of  concrete to have thelr remammg 

loads poured and their mtenors washed pnor to being returned to thelr respectlve concrete plants 

The overall area is predomnantly covered with prame grasses and cacu A dut access road, an 
underground abandoned gaslme and an overhead powerline pass east to west through the IHSS 133 area 

The physical charactenstlcs of the IHSS 133 area were based on mformauon from the Phase I and TM15 
field mveshgahons (DOE 1992a and 1994a) the Geologic Charactenzauon Report (EG&G 1995a) and 

the Hydrogeologic Charactenzatlon Report (EG&G 1995b) 

3 8 2 1 Geology IHSS 133 

Geologic deposits present m IHSS 133 consist of unconsolidated &icial fill waste fill landslide 

colluvium valley fill alluwum (Pmey Creek Alluvium) Rocky Flats Alluwum, and consolidated bedrock 

of the ArapahoeLararme Formatlons are discussed below The surficial geology and bedrock geologic 

map are presented m Figures 3 4 and 3 9 Borehole and momtormg well locmons are presented m 
Figures 2 12 and 3 26 Geologc cross sectlons through the area are presented m Figures 3 27 through 

3 32 Figure 3 33 presents the thtckness of unconsolidated matenals m IHSS 133 whrch range from 2 5 

feet up to approxmately 34 feet The bckest  secuons of unconsolidated matenal appears to be the Rocky 

Flats Alluvium along the north side (55493) of IHSS 133 5 and the colluvidandslide m m a l  111 the 

east side (57093) in IHSS 133 2 A moderately thick secuon of  colluviumflandslide matends present 
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a along the west side of IHSS 133 4 The Uuck sectlons of unconsolidated matenal on the east side of MSS 

133 2 and west side of IHSS 133 4 may represent paleo-landslide deposits 

Artificial Fill Aruficial fill encountered along the west central poruon of IHSS 133 consisted primanly 

of gravelly to clayey sand and clay concrete and lacks incmerated waste ash The artificial fill was placed 

m and around IHSS 133 5 the former incmerator area and IHSS 133 6 the concrete washout area (Figure 

3 9) Artificial fill was also placed as thin lifts for datly cover durmg disposal of the mcmerator ash 

Waste Fill Waste fill encountered in MSS 133 consisted predomnantly of mcrnerated types of waste 

from prewous productlon at the Site mxed with sandy silt Types of waste observed d m g  h s  

rnvestlgatlon rncluded small pieces of rusted metal sand to silt size metal broken glass asbestos c e r m c  

and nads The consistency of the waste fill was loose with some evidence of differenual compactlon 

which created void spaces above the ash and the overlymg cover of mficial fill Waste fill from the 

mcmerator was apparently placed into the ash pits m thm hfts which ranged in thrckness from less than 0 5 

foot up to approxlmately 3 feet (Appendm B) Waste fill was encountered to depths of up to 18 feet 

(bonng 56094) but predomnantly limted to depths less than 8 feet Waste fill/& matenal was 
encountered in IHSSs 133 1 133 2 (northern half was confirmed to be an ash pit) 133 4 and m the two 

prewously wdentlfied ash pits TDEM 1 and TDEM 2 (Figures 3 26 3 27 3 29 and 3 30) Waste ash 

matenal was also encountered in borehole 58093 between MSSs 133 1 and 133 4 (Figure 3 26) The 

lateral extent of waste fill correlates well with the TDEM anomaly map in Figure 2 11 

Landslide Landslide deposits were differentlated from the other geologic deposits presented m Figure 

3 9 on the basis of the hummocky topography present. Because the colluvium was rncorporated mto the 

landslide deposits dunng the landslidrng and colluvium closely resembles the textural charactenshcs 

observed in IHSS 113196 landslide deposits will be referred to as colluvium. 

Colluvium Colluvium IS exposed south of the Rocky Flats pedrment terrace (Figure 3 9) where the 

deposit was developed on the gently sloprng bedrock surface Colluwum consisted pnmarrly of sandy 

clayey gravel and cobbles and sandy clay The colluwum appears to mxed with and apparently mobilized 

mto the landslide deposits on the eastern port~on of IHSS 133 The thtckness of colluvium ranged from 
2 5 up to 34 feet 
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Valley Fill Alluvium/ Piney Creek Alluvium Valley fill alluvium (Piney Creek Alluvium of Figure 3 9) 

was encountered along Woman Creek and consisted pnmanly of sandy to silty-clayey gravel wrth cobbles 

The maxtmum thrchess of valley fill alluwum was 5 to 10 feet 

October I995 

Rockv Flats Alluvium Rocky Flats Alluvium was encountered on the north side of IHSS 133 and 

consisted primmly of gravelly sand with some clay to sandy clay and clayey sand with some to trace 

gravel Thickness of the Rocky Flats Allumum ranged from 27 feet (bonng 55393) to 32 8 feet (bonng 

55493) 

Arapahoe/Zurumre Formutrons The undfferenuated Arapahoenaranue Fonnatlon m IHSS 133 is 

assumed to be the same as the bedrock encountered m IHSS 115/196 Bedrock lithology observed m 
bonng 59894 northeast of IHSS 133 2 consisted predommantly of claystone with some thm mterbeds and 

lammae of siltstone and sandstone The claystone was observed to be massive to thlnly lammated 

contatnmg trace lronstone nodules trace to some orgmcs in the form of leaf impnnts dmermnated 

carbon and trace h p t e  mterbeds with some thm mterbeds and lamrnae of siltstone and sandstone 

Sandstone and siltstone mtefbeds (Fiure 3 8) from 0 5 to 10 feet in h c h e s s  consisted of very fine to 

fine gramed clayey to sdty sandstones and sandy to clayey siltstones shghtly fnable to well cemented 

trace ironstone nodules cross bedded to lammated with some soft sedment d e f m o n  structures and 

trace fossils with trace to some dissemnated carbon 

Sandy Claystone and clayey sandstone was encountered in boreholes east of lHSS 733 2 (boreholes 

57493 57593 and 59494159894) on the east side of IHSS 133 2 (boreholes 57093 and 57393) Sandy 

claystone was also encountered between MSSs 133 3 and 133 4 (borehole 63093) and clayey sdtstone was 

encountered on the west side of the north ash pit in IHSS 133 4 (55893) 

3 8 2 2 Hydrogeology IHSS 133 

The UHSU hydrogeology of the IHSS 133 area is charactenzed by the southerly slope toward Woman 

Creek and groundwater flow through saturated unconsolidated surface deposits (amficial fill waste fill 

colluviumflandslide deposits and valley fill alluvium) and the weathered bedrock of the 

ArapahoeLarme Fonnauons) As descnbed m Secuon 3 6 3 2 the LHSU conslsts of unweathered 

bedrock of the Arapahoenarme Fonnatlons A total of twenty m e  wells or piezometers (well pomts 

using teflon tubmg mi wells usmg 1 inch PVC pipe and monitonng wells usmg 2 mch PVC pipe) were 
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installed in the IHSS 133 area as part of the OU 5 RFYRI investlgmon The UHSU potentlometnc surface 

for October 1994 and May 1995 are presented m Figures 3 34 and 3 35 which represent the lowest and 

hghest water level elevauons respecuvely recorded d u n g  the penod August 1994 to July 1995 Only 

two UHSU wells were dry durmg the May 1995 water level momtormg event and these wells were 51593 

and 55794 Well 51593 is south of IHSS 133 3 and well 55794 is southwest of IHSS 133 3 These wells 

are dry and do not fully penetrate the surficial matenals due to refusal dunng dnllmg Well 62693 whch 
was constructed in an area of a seep was observed to be flowmg at the surface dunng May 1995 

Groundwater generally flows from the upgrdent Rocky Flats Alluwum through the laterally conunuous 

and intertonguing unconsolidated surficial matenals in a south southeasterly duectlon unul reachmg the 
apex of Woman Creek (Figures 3 34 and 3 35) Along Woman Creek the groundwater flow drrecuon 

changes to an easterly dlrecuon parallel to surface water flow The groundwater grdent  appears to be 

strongly affected by seasonal fluctuations and from west to east across IHSS 133 For October 1994 the 

gradient is 0 09 foot/foot on the west side zero or unsaturated through the center and 0 07 foodfoot on the 

east side For May 1995 the grahent is 0 1 foodfoot on the west side 0 18 foodfoot through the center 

and 0 1 foodfoot on the east side Groundwater flow is downgradient along the contact between the 
overlying unconsoiidated deposits and the low permeability claystone bedrock where there appears to be 

bedrock topographc lows 

Recharge of the IHSS 119196 area is pnmanly from upgradient precipitahon mfiltratlon Groundwater 

discharges to the surface m places of shallow bedrock as diffuse flow (seeps) and concentrated flow 

(spnngs) (Figures 3 15 and 3 16) Woman Creek IS a losmg stream for most of the year except for the 

wettest spnng months (December March or Apnl) Seasonal vmat~ons m recharge strongly affezt the 

UHSU potenuometnc surface (Figures 3 34 and 3 35) Figure 3 36 present hydrographs of wells located 
111 the IHSS 133 area. Note the cychc nature of the hydrographs for wells 58793 and 63093 whch were 

momtored over a two year and one p o d  respechvely Seasonal fluctuations of 9 feet were observed m 
several of the wells located m IHSS 133 (wells 58793 63593 63693 and 56494) and over 15 feet 111 well 

56294 southwest of IHSS 133 3 

Hydraulic charactensucs of the colluvidandshde matenal in well 58793 m IHSS 133 were estimated 

dunng aquifer tests performed in 1993 (DOE 1994a) However the results of the test on well 58793 were 

mconclusive The well dewatered at a low pumpmg rate and no drawdown was observed tn the 
observauon wells (DOE 1994a) 
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Hydraulic conducuviues of  the valley fill alluviurn/Piney Creek Alluwum in IHSS 133 were esumated m 

well 5686 dunng aqufer test evaluauons for the RFETS Hydrogeologc Charactenzauon Report whtch 

ranged from 1 OE 04 to 5 OE-05 c d s  (EG&G 1995b) 

October I995 

3 
F 

3 8 3  IHSS 142 (C Series Ponds) 

Th~s secuon discusses the physical setttng geology and hydrogeology of IHSSs 142 10 and 142 11 Also 

because these IHSSs are actually ponds a secuon descnbing thelt hydrology is mcluded 

Ponds C 1 (IHSS 142 10) (DOE 1994% Appendix C Photo 68) and C 2 (IHSS 142 11) (DOE 1994% 

AppenQx C Photo 74) are located along Woman Creek withm the southeast secuon of the south buffer 

zone on the eastern reach of Woman Creek (Figure 3 15) These ponds are approxlmately 2 OOO feet apart, 

with Pond C 1 to the west or upstream of Pond C 2 along Woman Creek Accordmg to Memck 

Engmeermg (1992) the mmmum storage capacity of Pond C 1 is 5 2 acre feet and Pond C 2 is 69 4 acre 

feet The esumated average retenuon m Pond C 1 is 29 percent or 1 5 acre feet and Pond C 2 is 20 

percent or 14 acre feet (Patton 1995) Sediment from erosional processes has been deposited mto these 

ponds smce then construcuon thereby decreasmg thelr storage capaciues (see Secuon 3 4) 

3 8 3 1  Geology IHSS 142 

The geology of MSSs 142 10 and 142 11 has been charactenzed from donmuon obtamed from 

momtormg well boreholes and the Geologc Charactenzauon Report for The Rocky Flats Enwonmental 

Technology Site (EG&G 1995a) The surficial geology withm the area of IHSSs 142 10 and 142 11 is for 

the most part nonextstent because these IHSSs pnmmly encompass Ponds C 1 and C 2 However the 

surfiucial m n a l  surroundmg the ponds consists mamly of  aruficial fill Small areas along the north and 

west shores of  both ponds and a larger area east of  Pond C 1 and north of Pond C 2 consist of Plney Creek 

Alluvium (Figure 3 10) (EGBrG 1995a) Descnpuons of these mts as well as an IHSS speafic 

descnpuon of the alluvial thickness are provided m the following paragraphs 

Other surficial matenals smoundmg these IHSSs are pnmmly landslide deposits and colluvium (Figure 
3 10) both of w h c h  have been descnbed in previous Secuons of this report. 
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The valley filled alluvium that was encountered 111 the wells east of IHSSs 142 10 and 142 11 ranged 111 

thickness from 4 to 10 feet The hckness of the valley fill alluvium encountered 111 wells 50092 and 

50192 (east of IHSS 142 10) and 50292 (east of IHSS 142 11) was approxlmately 10 feet and consisted 

predommantly of a sandy or silty gravel and silty sands overlam with a silty clay/clayey silt (Figures 3 37 

and 3 38) The thickness of the valley fill alluwum encountered in well 51 193 (east of IHSS 142 10) was 

approximately 7 1 feet (Figure 3 38) and the thickness of the valley fiIl alluvium 111 the small &meter 

wells (dnlled for aquifer testmg) surroundmg well 51 193 was 5 5 feet m well 63293 4 feet 111 well 63393 

and 9 5 feet in borehole 63493 The valley fill alluvium encountered at these locations is assumed to be 

the same as descnbed above 
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Valley fill allumum may not be present beneath the detenuon ponds because the top 5 to 10 feet of the 

sufilcial matenals was removed dunng construction The base of the C 2 pond is keyed 111to the bedrock 

of the Laramie Formauon but C 1 Pond is not keyed into bedrock The sedunent that has been deposited 

in the ponds since their commcuon is unconsolidated and consists of fine gamed organic srlts and clays 
(DOE 1992a) 

Based on borehole data, the bedrock underlying the areas adjacent to IHSSs 142 10 and 142 11 consists of 

claystone Claystone bedrock provides a relatively impermeable layer As shown on the Geolog~c Map of 
the Rocky Flats Enwonmental Technology Site and Vicmty (Plate 2 1 EG&G 1995a) the bedrock 

beneath these ponds appears to be the Lararme F o m o n  (Figure 3 4) 

3 8 3 2 Hydrogeology IHSS 142 

The hydrogeology of the C 1 and C 2 Ponds IS controlled pnmanly by surface water as both ponds are 

located along Woman Creek (Figure 1 2) Both ponds were created by dams The C 1 Pond is withm the 

channel of Woman Creek and is recharged by stream flow and possibly by groundwater d l o w  dunng the 

wetter months Woman Creek upgradrent of the C 1 pond is gaming d u n g  the wet months of December 

through March or Apnl but losing the rest of the year Immediately downgrdent of the C 1 pond 

Woman Creek is losing year round Dunng the h e r  months the C 1 pond may act as a source of recharge 
to the groundwater system The water level 111 the C 1 pond is controlled by a gate Two wells (50092 and 

51 193) located at the base and east of the C 1 dam perennially contam groundwater (Figure 2 13) The 
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C 1 dam is not keyed to bedrock and groundwater appears to flow beneath the dam Dam C 1 has a 

hydraulic height of 15 feet and is classlfied as a small size dam (Army Corps of Enpeers 1984) 

The C 2 Pond is located farther east along a losmg reach of the ongmal Woman Creek stream channel 
Woman Creek has been dwerted around the C 2 pond and surface water from Woman Creek flows mto the 

pond only durmg pen& of hgh flow The SID drams mto the C 2 Pond and therefore accepts surface 

water dramage from the miusmallzed area upgradient of the SID The dam at C 2 Pond is keyed mto 

bedrock and effechvely stops groundwater flow from movlng out of the pond and cuttrng off flow to the 

natural stream channel east of the dam (Figure 2 13) Thu is evidenced by wells 50192 and 50292 east of 

the base of the dam whch are peremally dry Dam C 2 has a hydraulic height of 35 5 feet and 18 

classified as a small size dam (Army Corp of Engmeers 1984) The C 2 Pond is a te- pond and the 

water level in the pond is controlled by pumping and transfernng the water to the Broomfreld Ihversion 
h tch  

3 8 4 IHSS 209 and Other Surface Disturbances 

This sectton discusses the physical settmg geology and hydrogeology specific to MSS 209 the Surface 

Disturbance West of MSS 209 and the Surface Disturbance South of the Ash Pits 

Three separate surface &sturbances are descnbed m h s  sechon These areas tnclude MSS 209 the 

Surface Disturbance West of IHSS 209 and the Surface Disturbance South of the Ash Rts IHSS 209 is 

located approxlmately 1 OOO feet southeast of Pond C 1 (Figure 3 15) Ths area was mcluded as an IHSS 

because unknown actmtles took place m thls area of shallow excavaQons and surface dWurbances Thu 
MSS covers approxlmately 5 2 acres and 18 located along a long narrow plateau bounded to the north, east 

and south by a uolform slope leadmg mto the Woman Creek dramage A dut road transects thls IHSS and 

cucles near the eastern boundary of the MSS Three excavatlans are located mttun the boundary of thu 

MSS (Figure 1 5) Two depressrons whch penodically retam water are present near the northern and 
southwestern boundary of thm mt (Figure 1 5) DOE 1992a) Photo 82 m TM15 Appen&x C shows the 

depression at the southwestern end of the IHSS The depth of h s  depression is about five feet. 

A second surface &sturbance the Surface Disturbance West of IHSS 209 is located approximately 1 500 

feet west of IHSS 209 (Figures 1 5 and 3 15) and consists of several small hsturbed areas This 
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disturbance covers an area of about 62 500 square feet DOE 1992a) and is located on a f u l y  shallow 

slope that faces north toward Woman Creek 

A thtrd surface dsturbance area, the Surface Disturbance South of the Ash Pits is located approxmately 

1 200 feet south of the IHSS 133 area and south of Woman Creek (Figure 3 15) Thls area consists of four 

excavatlons and a disturbed area that is covered with boulders (DOE 1994% Appendu. C Photo 89) on the 

western side of the dwurbed area (Figure 1 6)  Two excavatlons mend along northeast southwest axes 

each approxtmately 30 feet wde and 400 feet long Photos 83 and 84 in TM15 Appenhx C show one of  

the excavated trenches loolung southwest and northeast respecuvely These photos show th~s trench to be 

approximately 5 to 8 feet wide and about 2 feet deep A horseshoe shaped area is located northeast of  the 

parallel excavauons and a h r d  excavatlon is located to the southwest (DOE 1992a) This surface 

disturbance is located on top of a high plateau that is situated along the southern portron of the OU It is 

sloped on the north and southeast Two ephemeral streams dram thls area These streams flow into 

Woman Creek from the north and southeast sides of the disturbed area 

3 8 4 1  Geology 

The geology of IHSS 209 and the other surface disturbances have been charactenzed from mforma!.ton 
obtamed from boreholes and the Geologc Characteraaon Report (EG&G 1995a) There are a number of  

geologic units present at IHSS 209 and the other surface disturbances mcludmg art~ficial fill landshde 

deposits Rocky Flats AIluwum colluvium and the ArapahoeLaraxme Fonnatlons Descnpuons of these 

mts as well as an IHSS speclfic descnptlon of the alluwal thichess are pmvlded III the followmg 

paragraphs 

IHSS 209 The surfcial geology of MSS 209 consists pnmmly of Rocky Flats Alluwum with three small 

pockets of artrficial fill (Figure 3 10) The surface matenals sunoundlng the IHSS have been idenhfied as 

landslide deposits (EG&G 1995a) (Figure 3 10) 

Aruficial fill landslide deposits colluvium and the Rocky Flats Alluwum present m IHSS 209 have been 

descnbed 111 previous secttons The only subsurface data avrulable are from borehole 41 191 (Figure 3 36) 

These data indcate that the alluvial material is approximately 3 1 feet thick on top of  th~s knoll Also 
based on data from borehoIe 41 191 the bedrock underlyng IHSS 209 consists of claystone Thls 
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claystone most hkely belongs to the Arapahoe Fonnatlon as inferred from Plate 2 1 of the Geologic 

Charactenzatlon Report (EG&G 1995a) (Figure 3 3) A discussion of the Arapahoe Formatton is 

provided in Secuon 3 6 

Sugace Disturbance West of IHSS 209 The surficial geology of the Surface Disturbance West of MSS 

209 has recently been mapped Accordmg to the Surfictal Geologtc Map of the Rocky Flats Envwonmentai 

Technology Site and Vicmty (EGBrG 1995a) the area is covered with landshde deposits (Figure 3 10) 

A descnpuon of landslide deposits was previously prowded m Sectton 3 6 Amrdmg to data from 

borehole 57693 there is no alluvial matenal at thts locahon The geological matenal encountered rn 
borehole 57693 consisted of tughly to slightly weathered claystone to a depth of 6 feet Figure 3-4 (Plate 

2 1 EG&G 1995a) shows that both the Arapahoe and Laraaue Fonnatlons underlie thrs IHSS 

Descripuons of these two formauons were presented m Sectton 3 6 

Suguce Disturbance South of the Ash Pus Surficial geology of the Surface D~saubance South of the Ash 

Pits consists mostly of Rocky Flats Alluwum wth about one thrrd of the area covered with colluwum 

(Figure 3 9) The surface matends smundmg the IHSS have been identrfied as landshde deposits 
(EG&G 1995a) (Figure 3 9) Summary descnptlons of these landshde deposits were prowded m 

Secuon 3 6 

Based on borehole data the Rocky Flats Alluvium on top of the knoll is appmumately 30 feet thtck and, 

off to the side of the knoll the thtckness decreases to apprommately 24 feet m botchole 57893 (Figure 

3 39) The Rocky Flats Alluwum consisted predomantly of a gravelly sand mth some mterbedded 
silty or clayey sands (Figure 3 39) - 
Bedrock data from the MSS are from boreholes 57793 and 57893 (borehole 57993 &d not reach bedrock) 

The bedrock encountered m borehole 57793 consisted of claystone However the bedrock encountered m 
borehole 57893 consisted of clayey sandstone at 24 4 feet and gradmg to a sandstone at 30 4 feet. Two 

other boreholes that are nearest to the surface duturbance mclude borehole 41391 and well 0590hrehole 
590 and borehole 5386 Borehole 41391 and well 0590 encountered a claystone and borehole 5386 was 

not logged Borehole 41391 southeast of the IHSS encountered 38 feet of rocky Flats Alluvium four feet 

silty claystone 4 5 feet of silty sandstone to clayey stltstone claystone to a depth of 130 feet, 0 5 feet of 
siltstone 14 feet of claystone one foot of sllty sandstone then claystone to a total depth of 202 feet. 
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Three boreholes located in the area of the Surface Disturbance South of the Ash Pits encountered 

sandstone Two sandstone uruts were encountered in borehole B402189 at depths of 6 feet and 20 5 feet 
below top of bedrock Because each of these three boreholes encountered sandstone at depths of 24 4 28 

and 33 feet it may be possible that they have penetrated the same Iithologx u t  Accordmg to Plate 5 9 

of the Geologic Charactenzauon Report (EG&G 1995a) these boreholes are all mterpreted to have 

penetrated the Arapahoe No 1 sandstone The thickness of these sandstones ranges from 5 5 (borehole 
57893) to 16 feet (second sandstone encountered in borehole B402189) Both boreholes B402189 and 

B405889 encountered a sandstone that was 12 feet thick 

3 8 4 2 Hydrogeology 

The hydrogeology of IHSS 209 and the other surface disturbances on the south side of Woman Creek were 

not charactenzed for hydrogeology with the mstallauon of wells dwng RFURI acuvitres Generally 

groundwater flows into these areas from areas upgrdent and then downslope toward the north to the apex 
of Woman Creek. All are located on or at the edge of the Rocky Flats Alluwum pe&mcnt. The UHSU 

water table south of Woman Creek was not mcluded in the potenuomevlc map of OU 5 (Figure 5 15) but 

is sufficiently descnbed and presented m the Geologcal and Hydrogeoiogic Charactematron Reports 

(EG&G 1995a and b) 

IHSS 209 was dry when mvesugated dunng the summer of 1992 It is located on the Rocky Flats 

Alluvium pediment, and contam small areas of amfkial fill (Figure 3 10) Recharge is from mfiltrauon 

of preciptatlon Since the site is on the dramage divide between Woman Creek and Smart Dtch 
groundwater is expected to flow north east and south toward both dramage bas- No seeps were 

observed m h s  area (EG&G 1994a) 

The Surface Disturbance West of IHSS 209 occurs on the top of the slope adjacent to the Rocky Flats 

Alluwum pediment outcrop wthm landslide m a t e d  (EG&G 1992e) Bedrock 1s essenttally at the 

surface and the area was dry when dnlled durrng the summer months of 1992 The area is w i t b  the 

Woman Creek dramage basin and when saturated condihons exist groundwater flows to the east and 

north Recharge is from infilhrauon of precipitauon Discharge is through evapotransplratron and 

downgradient groundwater and surface water flow Figure 3 15 shows the locatron of an ephemeral seep 
present to the west of the IHSS (EG&G 1994a) a 
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The Surface Disturbance South of the Ash Pits is located on the Rocky Flats Alluvium pe&ment with 

some colluvrum (EG&G 1992e) It lies on a m o r  groundwater divide wittun the Woman Creek drmage 

basin Groundwater recharge is pnmanly from precipitauon tnfiltratlon A small tnbutary of Woman 
Creek bounds the southeastern edge of the disturbance and a number of peremai and ephemerai seeps 

bound the northwestern edge (EG&G 1994a) Groundwater dscharges to the seeps and the tnbutary to 
the southeast, and flows to the north through unconsolidated surikial matenals toward Woman Creek 

hscharge also occurs through evapotransplratlon 

w 
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4 0  NATURE AND EXTENT OF CONTAMINATION 

The nature and extent of COCs withm OU 5 were evaluated for vanous me&& includlng surface soil subsurface 

soil groundwater surface water seep water pond sedment seep sediment and stream sdmen t  These 
evaluauons were performed m accordance with Sechon 3 4 1 3 of Guidance for Conducting Remedral 

Investigations and Feasrbilin, Studies Under CERCLA (EPA 1988c) Sectlon 4 1 presents a discussion of data 

used rn the evaluauon of the nature and extent of contarmnahon as well as an assessment of the quality of those 

data Secuon 4 2 presents a summary of the compmson of these data to background values The distnbutlons of 
those analytes identlfied as COCs-based on the methodology described rn Sechon 4 2-are discussed m Sechon 

4 3 Secuon 4 4 presents a summary of the c o n t m a n t  assessment 

4 1  DESCRIPTION OF DATA USED FOR CONTAMINANT ASSESSMENT 

4 1 1  Description of Data 

Data used for preparation of h s  report were collected dunng the OU 5 Phase I field program whch was 

conducted in two stages The first stage began rn August 1992 and conunued through November 1993 The 

second stage began in August 1994 after TM15 was frnalized and ended in June 1995 Fmt  stage data, whch 

were used for identlfyng constltuents as COC are documented in TM15 (DOE 1994a) Data from both stages 

have been used to evaluate the nature and extent of contamtnatlon All data were obtamed from the Rocky Flats 

Envlronmental Database System (RFEDS) 

Data obtamed from RFEDS were carefully reviewed and unusable data were removed from the worlung data sets 

prior to being used in any analysis These steps are documented IXI Appendu. A of DOE (1995a) 

4 1 2  Evaluation of Data Usability 

The OU 5 Work Plan (DOE 1992a) established the data quality ObjeChVeS @QOs) for each analyte group and 

medium sampled DQOs are expressed in quanhtahve and qualitahve terms of precision accuracy 

representatweness completeness and comparability These parameters are rouunely referred to as the P A R K  

parameters 
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Appendix 0 presents a data quality and usability summary for the OU 5 RFYRI The data usability summary 
evaluates how data quallty supports or limts the achievement of the presmbed DQOs and how it affects data 

usability for the RFVRI The discussion presented in Appendx 0 indxates that the data collected for the OU 5 

RFVRI generally meet or exceed the DQOs established ln the OU 5 Work Plan (DOE 1992a) 

October 1995 

4 2  COMPARISON TO THE SITE BACKGROUND DATA 

Data collected pnor to implementauon of "MI5 (DOE 1994a) were compared quanatauvely to background data. 

As descnbed in TM15 constltuents found in samples of surface soil subsurface soil groundwater surface water 

and stream sediments were compared to the correspondmg UTL,,,, as provided in the 1993 Background 

Geochemcal Charactenzatlon Report (DOE 1993a) For those analytes where a UTL,,, was not provlded by the 

Background Geochemcal Charactenzatron Report, the rnaxtmum background concentrauon was used for this 
companson Because the background concentrauons of orgamc compounds are assumed to be zero therefore any 

detected organic compound was considered to be an m&catlon of possible contammatron The data documented 111 

TM15 provided initlal indicauons of contaminauon based on data from field mvesugauons completed rn August 

1993 and groundwater samples collected through November 1993 

In Sechon 2 0 Tables 2 7 through 2 9 show a comparison of concentrauons from the combrned stage one and 

stage two data sets to both background data and the OU 5 data collected pnor to implementauon of TM15 These 

compansons show the statlstlcal effects to the data set after integraung the data collected d m g  the 
implementauon of TM15 

The COCs described 111 TMI 1 (DOE 1995a) were denved from the same data set reported m TM15 (DOE 
1994a) The COCs were selected based on the results of stausucal compmson to background concentrauons 

assessments of toxicity evaluatlon of detechon frequencies and review of the spatlahmporal distnbuhon of 

analyte concentrauons The resultmg COCs are listed m Table 6 25 Dmng selecuon of COCs the 

concentrauons of each analyte were compared to those of the same analyte 111 the correspondmg background 

medium However data for pond sedment in OU 5 were compared to background data for seep sediments due to 
the lack of background pond data, and because flow condiuons for ponds and seeps are sirmlar (both have 

relatwely long residence tlme) (DOE 1995a) Background compmsons for morgmc analytes were performed 

according to the procedures given in the Guidance Document Statlsucal Compmsons of SI& Background Data 
m Support of RFI/RI Investlgauons (EG&G 1994b) whch was pnmanly based on the methodology proposed by 
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Gilbert (1993) The formal statlstlcal tests include the Gehan test. Slippage test Quanr.de test and t test 

Cornpansons of the analytical results to the background UTL,,,, for each analyte m each medlum were performed 

to ensure that isolated areas of contammatton (1 e hot spots) were not overlooked Appendlx A of. the COC Th411 
(DOE 1995a) presents a demled descnphon of the condiuons for applymg each of these tests 

October I995 

4 3  THE EXTENT OF COCs IN AND AROUND OU 5 IHSSs 

The nature of the wastes in the OU 5 IHSSs has been hscussed m Sectlon 1 0 and in TM15 (DOE 1994a) for the 

field mvesugauon outlined in the OU 5 Work Plan (DOE 1992a) Sechon 6 2 discusses the identlficauon of 

COCs for each medium These COCs are summanzed in Table 6 25 and listed below 

WfaxAuk Aroclor 1254 benzo(a)anthracene benzo(a)pyrene benzo(b)fluoranthene copper 
&benzo(a h)anthracene fluoranthene indeno( 1 2 3 cd)pyrene mercury pyrene silver uranrum 
2331234 uranium 235 and uranium 238 

anumony Aroclor 1254 benzo(a)anthracene benzo(a)pyrene 
benzo(b)fluoranthene beryllium cadmum copper molybdenum mckel silver urmum 
233/234 uranium 235 and urmum 238 

Groundwater alumnum banum berylhum manganese vanadium amencium 241 plutonium 
2391240 radlum 226 urmum 233/234 urmum 235 and urmum 238 

Surface W W  barium h b u m  stronuum amencium 24 urmum 233/234 and urmum 238 

SggplWx acetone 1 ldichloroethene (1 1 DCE) 1 2 dichloroethene (1 2 WE) PCE and 
TCE 

J3wkhum mercury zmc amencium 241 plutomum 239/240 urmum 2331234 urmum 
235 and urmurn 238 

antlmony beryllium zmc urmum 233/234 urmum 235 and urmum 238 

copper mercury zinc amencium 241 and plutomum 239/240 

The extent and vanauon of  concentratlon of the COCs are graphically displayed as symbols on Figures 4 1A 

through 4 12 Data used to develop these figures represent a combined data set that mludes the pre TM15 data 

and data collected dunng implemenwon of actlvtues specified m TM15 (DOE 1994a) 

For metal and radionuclide COCs the followmg concentration intervals (levels) were used to characterize and 

display concentratlons 
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Level 5 concentrauondacuvi0es that are less than or equal to the arithmeuc mean background 
concentrauodactlvity 

Level 4 concentrauons/acuvittes that exceed the background mean but are less than or equal to the 
background mean plus one standard deviauon 

Level 3 concentrahons/acttvittes that exceed the background mean plus one standard deviauon but 
are less than or equal to the background mean plus two standard deviattons 

Level 2 concentrauons/acttvittes that exceed the background mean plus two standard dewauons but 
are less than or equal to the background mean plus three standard dewauons and 
Level 1 concentrauons/acuvities that exceed the background mean plus three standard deviatrons 

As part of the COC selectton process as discussed in the COCTM (DOE 1995a) and in Chapter 6 0 

concentrattons/acttvities were compared to the correspondmg background UTLs,,, The UTL,,,, m most cases 

is comparable to the background mean plus three standard deviattons Therefore four of  the five symbols on 

Figures 4 1 through 4 12 mdicate concentrauons that are not above the UTLs,,,, for metals and radtonuclides 

For organic COCs the followrng concentrahon intervals (levels) were used to charactenze concentrmons 

Level 4 concentrauons that were detected at levels less than the reporflng limt 

0 Level 3 concentrauons that exceed the reporung limit but are less than or equal to ten Umes the 
reporung limit 

0 Level 2 concentrauons that exceed ten ttmes the reporung limt but are less than or equal to 100 
times the reporung limt and 

0 Level 1 concentrauons that exceed 100 umes the repomg hmt. 

The symbol at each sample locatton in Figures 4 1A through 4 12 mdicates the greatest ConcentraUon level for one 

or more COCs The symbols show the general dtstnbutton of the COCs and the general dewabon from 

background mean concentrmons Boxes associated with the symbols list the mdtviduai COCs that show 

concentrattons greater than the background mean The upper panel in each box corresponds to the level 1 

concentrauon intervals descnbed above that is the box contam a list of rnorgamc COCs found at 

concentrauons/acttvihes exceedmg three standard devimons above the background mean For orgmc chemcals 

the box contans a list of those compounds found at concentrauons exceeding 100 trmes the reporUng hmt The 

lower panel lists COCs m the level 2 concentrauon mterval All metal and radionuclide COCs not listed anywhere 

111 the box are less than two standard devimons above the background mean All o r g u c  COCs not listed 
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anywhere in the box were found only at levels less than ten times the reportmg limt. Tables 4 1 through 4 11 

present data used to create Figures 4 1A through 4 12 

Ocrober 1995 

The following subsections descnbe the nature and extent of contmnatlon associated with each IHSS m OU 5 

However all surface water and sediment data are presented under IHSS 142 m order to be consistent with the 

AOCs presented m Secuon 6 0 of thls RFYRI report 

4 3 1  IHSS 115 (Original Landfill) and IHSS 196 (Filter Backwash Pond) 

4 3 1 1 Surface Soil 

Data used to detemne the extent of metal COCs for IHSS 1151196 surface soil (copper mercury and silver) 

are presented in Table 4 1 Figures 4 1A B C,D show the extent of these COCs The cenrral area of IHSS 115 

contans the greatest number of locauons that have COCs at level 1 concentrauons copper mercury and 

silver are all found at level 1 concentrahons in this area. Construcuon of  the outfall pipe (Sechon 1 2 2 1) and 

slumping of surficial matenals may have brought contarmnated landfill matenal to the surface m the central area of 

IHSS 1 15 Three sampling locauons (Figure 4 1C) are just south of h s  area and outside the IHSS boundary of 

these locauon SS509693 is the only one that has a COC concentratlon at level 1 (mercury 0 26 mg/kg) 

@ 

Data used to plot the extent of radionuclide COCs for surface soil (the three isotopes of urmum) are presented m 
Table 4 2 These data are illustrated on Figures 4 2A B C D The center of IHSS 115 contam the greatest number 

of locauons that have radionuclide COCs that exceed the background mean plus three standard devimons (level 

1) All three urmum isotopes are found m the level 1 concentrauon interval there As lndicated above 

construchon of the outfall pipe and slumping of surficial matends may have brought contarmnated landfiil 

matenal to the surface 111 thls area. Three locauons (SS509693 SS5 10293 and SUO5893 Figure 4 2D) 

contaming urmum isotopes at level 1 concentratrons are located south of ths area, just outside of the IHSS 

boundary 

Data used to plot the extent of orgmc COCs for surface soil are presented m Table 4 3 These data are shown on 

Figures 4 3A B C All of  the locauons where organic COCs were detected are 111 the IHSS 115/196 area 
Locauons of detected organic COCs correspond with the locatlon of the soil gas anomalies (Sectlon 2 2 1 2) The 

hghest concentrauons were detected at locatron SS510593 (Figure 4 3C) where all of  the orgaruc COCs were I )  
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found at concentratlons greater than 10 tlmes the reportmg limt No concentratlons greater than the reporting 
limt were found outside the boundary of IHSS 115 although two locatlons immediately south of IHSS 115 
showed detected concentratlons that were greater than the instrument detecuon limt but less than the contract 

required detecuon limt 

0ctober1995 a 

4 3 1 2 Subsurface Soil 

Data used to plot the extent of metal COCs for IHSS 115/196 subsurface soil (anumony beryllium cadmum 
copper molybdenum mckel and silver) are presented rn Table 4 4 Figures 4-4A B C D show the general 

extent of these COCs The locatlon symbols in this figure show the mmmum concenmon level of any metal 

COC in each borehole without regard to the depth sampled As discussed previously the boxes show metal COCs 

that were detected at level 1 and level 2 concentratlons A metal may appear m both panels of a box because of its 

depth related vanability in concentratlon 

I 

In IHSS 1 15 copper and mckel were found at several locauons in level 1 concentrauons Anumony cadmum 

molybdenum and silver were also detected at this concentratlon level All but one of these samples with metals m 
the lughest concentratlon interval were from depths of less than 13 feet m an area where waste was idenhfied m 
boreholes Moreover with only one exceptlon those boreholes in which waste was not idenufled contamed lower 

concentratlons of metals The exceptlon was the nickel concentratlon at locahon 63193 (Figure 4-4C) where the 

composited interval from 12 to 20 ft contamed 84 9 mgkg mckel However thrs concentratron only margmally 
exceeds the background mean plus three standard deviauons Although waste was not idenMied rn this borehole 

the borehole is m an area where lansill matenals were relocated d u n g  construcuon of the SID Cadmum 

copper and nickel were also detected at level 2 concentrauons withm the area where boreholes did not contam the 

waste matenal One borehole (57994 Figure 4 4C) south of the central area of the landfill and the MSS boundary 
contans copper and mckel in the upper six feet at level 2 concentratlons These observations mhcate that the 

greatest concentratlons of metal COCs are withm IHSS 115 and have about the same vemcd dumbuhon as the 
wastes Downslope from the IHSS metal COCs were detected at lower concentratlons 

Data used to plot the extent of radionuclide COCs for subsurface soil (the three isotopes of urmum) are presented 
m Table 4 5 These data are summanzed on Figure 4 5A B 
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The distnbutlon of radionuclides in subsurface sod at IHSS 119196 is simlar to that of metal COCs samples 

conmnmg radonuclide COCs at level 1 and level 2 actlviues were collected w i h n  the IHSS boundary from the 
upper 13 feet of subsurface soil (Table 4 5) An exceptlon to this observatlon on the vemcal dwnbutlon is for a 

sample collected from below 19 5 feet in borehole 58693 (Figure 4 5D) that contamed urmum 238 at 1 7 pCdg 
(level 2) The rdonuclides tend to be associated with waste matenal and more than 15 ft of waste was idenufied 

m borehole 58693 Waste m a t e d  was identlfred m all IHSS 1 W196 boreholes with level 1 and level 2 

actlwties with the exceptlon of samples BH50087AS from borehole 50692 and BH50603AS from borehole 61093 

(Figure 4 5D) These two boreholes contamed no idenhfied waste Borehole 50692 is located m the surface 
dsturbance at the east end of IHSS 115 Sample BH50087AS was collected from a composited mterval from 0 to 

6 feet and may therefore be influenced by surface soil contarmnauon Borehole 61093 is located 111 the central 

portion of the landfidl withm a slump that is surrounded by waste Therefore the rAonuclides 111 the sample from 

61093 are likely to be associated with waste The only borehole outside the LHSS boundary that conmed a 

radionuclide COC at an actlvity exceedmg the background mean plus two standard deviations was 61293 (Figure 
4 5C) where uramum 238 was detected with an actlvity of 0 3395 pCdg m the sample collected from 6 to 10 6 

feet deep These observatlons indicate that elevated acuvitles of radionuclide COCs are essentlally conmed  

withm the waste matenal area although the occurrence of urmum 325 at an elevated concentratton m borehole 
61293 is unexplamed 

October I995 

Data used to plot the extent of orgmc COCs m subsurface soil are presented 111 Table 4 6 These data are 

summanzed on Figures 4 6A B The greatest number of locauons that have orgamc COCs are located 111 the 
vicimty of IHSS 196 where the bckest secuon of waste was penetrated Orgamc COCs were also detected at the 

soil gas anomaly m the central p m o n  of MSS 115 (Secuon 2 2 1 2 2) The two level 3 concentrauons of COCs 

at locatlons 56694 and 57594 (Figure 4 6A) outside of MSS 115 are compositcd samples of ddlmg mud from 

deep boreholes These samples c o n w e d  benzo(a)pyrene Evaluatlon of the spaual d~~mbutlon of these COC 

concentrauons indicates that orgmc COCs are restncted to areas withtn the waste matenal of IHSS 1151196 

4 3 1 3 Groundwater 

Data used to plot the extent of metal COCs (alummum banum beryllium manganese and vanad~um) dissolved m 
IHSS 115/196 groundwater are presented m Table 4 7 These data are summarrzed on Figure 4-7A B The extent 

of dissolved metals rather than total metals is presented to provide a memgfu l  mterpretauon of groundwater 
chemstry @G&G 1995c) The concentrauons of total metals includes those metals c o n w e d  in or absorbed onto 
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suspended sediments whch may be affected by factors unrelated to the extent or degree of groundwater 

contammmon Dissolved manganese and barium are present at level 1 and level 2 concentrauons w i t h  the 
landfill Only two samplmg locauons downgradient from IHSS 115 (61293 and 58094 Figure 4 7A) yielded 

samples with concentrattons of dissolved metals at level 1 or level 2 Dissolved banum and manganese were 
detected at levels 1 and 2 in the sample obtamed m January 1995 from momtomg well 61293 (Figure 4 7A) In 
addmon dissolved manganese was detected at a level 3 concentrauon at locauon 59594 upgradtent from the 
landfill (Figure 4 7A) These observauons mdicate that manganese and barrum are the dormnant metal COCs 

associated with IHSS 115 although their &stnbutlon does not seem to be well conelated wth waste matenals 

Data used to plot radionuclide COCs (amencium 241 plutonium 239/240 radmm 226 and the three isotopes of 

urmum) in groundwater are presented 111 Table 4 8 These data are summanzed on Figure 4 8A Dissolved 

radium 226 was detected with level 1 or level 2 acuwtles at three locauons in IHSS 115 No level 1 or level 2 

actlvitles of dissolved radium 226 have been detected downgrdent of IHSS 115 W u m  226 seems to be the 

only ra&onuchde present at elevated actlvitles in the groundwater of IHSS 115 

4 3 1 4 Surface Water 

Distnbuuon of COCs m IHSS 115/196 surface water is discussed in Secuon 4 3 3 I 

4 3 1 5 Seep Water 

Seep water was only sampled at two locauons (62793 and 62893) m IHSS 115/196 Only locatron 62893 at the 

northeast edge of the landfill contamed any of the COCs All detected values were trace detechons of orgamc 

compounds 

4 3 1 6 Seep Sediments 

Seep sediment samples were only collected at the two IHSS 1 W196 locahons where seeps occur (Figure 2 12) 

TM15 (DOE 1994a) conmns a demlled discussion of results for these samples The sediment sample collected 

adjacent to seep water sampling Iocatron 62893 contamed antlmony at a concentratlon exceedmg the 
Neither of the two sediment samples contamed radionuclide COCs exceedmg the correspondng UTLs 
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4 3 2  IHSS 133 (Ash Pits) 

4 3 2 1 Surface Soil 

Data used to plot metal COCs m IHSS 133 surface soil (copper mercury and silver) are presented 111 Table 4 1 

Figure 4 1D surnames the extent of these COCs Two locaoons (SS513693 and SS514493 Figure 4 1A) 

contam copper at level 2 concenuauons One locabon (SS513893) contam copper at a level 1 concentraon 

(26 8 mgkg) but its concentrabon is only 0 73 mgkg above the base of the level 1 concentraoon mterval 

Metal COCs in surface soils are not greatly elevated m the IHSS 133 area 

Data used to plot radionuclide COCs in surface soil (the three isotopes of urmum) are presented in Table 4 2 

Figure 4 2D summarizes the extent of these COCs Fifteen surface soil samplmg locatlons c o n w  radionuchde 

COCs at level 1 acuvtues Results from one locauon (SS515493 Figure 4 2D) are the only ones that exceed the 

UTLs,,, listed m TM11 (DOE 1995a) Th~s locatton was sampled at the positton of an elevated HPGe 

measurement (Secuon 2 2 2 3) With the excepuon of th~s sample data rndrcate that these consotuents are farrly 

evenly distnbuted throughout the surface soil in the wcmty of IHSS 133 

No orgmc COCs were detected m surface soils in the IHSS 133 area 

4 3 2 2 Subsurface Soil 

Data used to plot metal COCs m IHSS 133 subsurface soil (antlmony beryllium cadmum copper molybdenum 

uckel and silver) are presented 111 Table 4 4 These data are summarlzed on Figure 4-4D whch shows the 

locatton of the boreholes Most boreholes that c o n w  metals at level 1 concentrauons contarn waste matetrals as 

may be seen by mspectlon of borehole logs 111 Appendur B or they are near locauons with waste matenals m the 

subsurface Excepuons are boreholes 55193 58793 59093 and 55294 (Figure 4 4 )  The presence of level 1 

concenuauons of metals at these locaons is unexplamed In borehole 55 193 the concentxauon of copper exceeds 

level 1 m a sample taken at 6 to 8 feet 111 claystone just below the top of bedrock Borehole 58793 is near the 
southern trench of IHSS 133 2 where no waste was found m the subsurface Ttus borehole conwed a level 1 

concentrauon of anttmony in gravelly sand just above bedrock at 18 to 24 feet Borehole 59093 conwed 
anttmony at a level 1 concentrauon m a sample from 0 to 6 feet m clayey sand Borehole 55294 is located at the 
posiuon designated as TDEM 1 approximately 25 feet north of IHSS 133 6 A sample from gravelly sand at 12 to 
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15 2 feet immediately above bedrock contmned a level 1 concentration of mckel Except for these four 

unexplamed occurrences it appears that the lateral extent of level 1 concentrauons of COC metal detects is 
consistent with the extent of waste matenals 

The verucal extent of explmned occurrences of level 1 concentrauons in IHSS 133 are consistent with the 

depth of waste matenals However cadrmum and copper were detected in borehole 56094 at 18 to 22 feet 
T h ~ s  borehole contarned waste matenal but the depth of the waste was not recorded due to radioacttvity hazard A 

sample from borehole 58093 contamed cadmmm at a level 1 concentrauon from a depth of 10 to 12 feet wluch 

was tn the top of bedrock immediately beneath a waste interval All other occurrences of level 1 metals 

concentrauons were from sample intervals that extended to shallower depths consistent with known depths of 
waste matenals 

Data used to plot radionuclide COCs in subsurface soil are presented in Table 4 5 and are summanzed on 

Figure 4 5D These data indmte lateral and verucal extent simlar to that of the metal COCs One daerence 

is the level 1 achvity of uranium 235 detected in borehole 64493 whch lies w i t h  the magnettc anomaly 

west of IHSS 133 (Secuon 2 2 2 2) The presence of a level 1 actlvity of urmum 235 at this locauon is 
unexplamed 

Data used to plot orgamc COCs in subsurface soil are summarized 111 Table 4 6 These data are shown on Figure 

4 6A No organic COCs were detected at MSS 133 although only a very llmtted number of subsurface soil 
samples were collected for analysis of organic chemcals at IHSS 133 

4 3 2 3 Groundwater 

Data used to plot metal COCs (alurmnum, banum beryllium manganese and vanadium) dmolved in IHSS 133 
groundwater are presented 111 Table 4 7 and are summanzed on Figure 4 7A As shown on Figure 4 7A only 

manganese was detected at level 1 ConcentraUons 111 the IHSS 133 area. Wells 58793 and 63793 are downgradient 

from the IHSS 133 2 ash pit. If the manganese in these wells is from waste in the ash pit to the north sampling 

data are insufficient to define the downgradient and lateral extent of the possible plume because no momtonng 

wells are located 111 downgradient and lateral posihons however a plume may not extst Manganese m the IHSS 
133 area is not closely associated with subsurface occurrences of waste and its occurrence at level 1 

concentrations is unexplamed It is noteworthy that manganese stming is descnbed in samples from several 
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1985) Results throughout OU 5 as summanzed 111 Figure 4 7A suggest that banum is associated with 

manganese 

Data used to plot radionuclide COCs dissolved in groundwater are presented m Table 4 8 and are summanzed 

on Figure 4 8A No level 1 actlvitles of radionuclides were detected in the IHSS 133 area. Radium was detected 
at a level 2 actlvitles 111 well 58793 and may come from the IHSS 133 2 ash pit to the north 

4 3 2 4 Surface Water 

Distnbuuon of COCs m IHSS 133 surface water is discussed in Sectlon 4 3 3 1 

4 3 2 5 Seep Water 

Seep water was only sampled at two locauons (wellpomts 62593 and 62693) 111 MSS 133 (Figure 2 12) Neither 

locahon contimed any of the COCs for seep water TM15 (DOE 1994a) contams a demled dscussion of results 
of these samples 0 
4 3 2 6 Seep Sediments 

Seep sediment samples were only sampled at the two IHSS 133 seep locauons where seeps occure(Figure 2 12) 

TM15 (DOE 1994a) contams a detaded discussion of results of these samples Both locattons contamed w~lc at 
a concentrauon exceedmg the background Ul&, Antlmony exceeded the background m the sample 

from the seep near wellpomt 62693 (Figure 2 12) The sample from the sampllng locauon near wellpoint 62593 

(Figure 2 12) conwed uramum 238 exceedrng the background UTL,, 

4 3 2 7 Stream Sediments 

Distnbuuon of COCs m IHSS 133 stream sedments is discussed in Sectron 4 3 3 3 

4 1 1  



Roch Flats Environmental Technology Site 
Final Draft-Phase I RFURI Repon Operable Unit 5 October 1995 

4 3 3  IHSS 142 (C Sefles Ponds) e 
4 3 3 1 Surface Water 

No water samples were collected from the C Senes ponds as part of the OU 5 RFI/RI Appendu A presents a 
discussion of histoncal surface water data for the ponds 

Figure 4 9 shows that metal COCs for surface water (barium h h u m  and strontrum) were not detected withm OU 

5 at concentrauons exceedng the background mean however stmsucal analyses mdicated that the distnbuuon of 

these metals was sufficiently different from background to warrant their inclusion as COCs (DOE 1995a) 

Data used to plot radionuclide COCs (americium 241 urmum 233/234 and urmum 238) m surface water are 
presented in Table 4 9 and are summanzed on Figure 4 10 Amencium 241 and urmum 238 were detected at a 

level 1 acuviues in the SID at SW027 north of Pond C 2 

0 The sample from locauon SW50293 (Figure 4 10) flowing seep water contamed amencium 241 urmum 

233/234 and urmum 238 at level 1 acuvibes Amencium 241 uranium 233 234 and urmum 238 were also 
detected at level 1 acuvihes in the SID (SW507) 

4 3 3 2 Pond Sediments 

The nature and extent of COCs tn C Senes pond sediments are discussed in Appencllx A and TM15 (DOE 1994a) 

A summary for each pond is presented below 

IHSS 142.10 PQIuILU Mercury was detected in samples from the three locauons (mlet, m d  pomt and deepest) 

at concentrauons exceeding the background UTL,, One sample had an acuvity of urmum 238 that exceeded 

the background UTL,,,, Th~s sample was obtamed from the mdpoint of Pond C 1 

IHSS. 11 P a  C 21 zlnc was detected at concentrauons exceeding the background UTL,, in the samples 
from the mdpomt and the deepest pomon of Pond C 2 Radionuclide COCs were not detected at acuviues 

exceedrng the background UTL,,, 
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4 3 3 3 Stream Sediments 

Data used to plot metal COCs (copper mercury and zmc) in stream selments from Woman Creek and the SID are 

presented m Table 4 10 These data are summanzed on Figure 4 1 1  No metal COCs were detected at level 1 or 

level 2 concentrauons for samples collected along Woman Creek or its tnbumes 

Copper mercury and zmc were detected at level 1 concentratlons m the sediment sample from the locatlon rn the 
SID at the southeast comer of IHSS 115 

Data used to plot radionuchde COCs (amencium 241 and plutomum 239/240) m stream sedments are presented 

m Table 4 1 1  and are summanzed on Figure 4 12 There are no rdonuclide COCs that were detected at actmties 
exceedmg even the background mean for samples collected along Woman Creek or its tnbumes There are no 

radionuclide COCs that were detected at actlwttes exceeding the background mean plus one standard deviaQon 

4 3 3 4 Subsurface Soil 

C 1) In subsurface soils downgrdent of Pond C 1 COCs were not detected at 

concentratlons exceedrng the background mean plus one standard deviatlon (Figure 4 4B) 

Cadrmum was detected at a level 1 concentrmon m borehole 50292 east of Pond C 2 

(Figure 4 4B) No other metal COCs were detected at concentrmons exceedmg level4 for samples collected near 
Pond C 2 Rdonuclide COCs were not detected at achwtIes exceedurg level 4 @gam COCs w e n  not detected 

m subsurface soil samples at Pond C 2 

4 3 3 5 Groundwater 

Data used to plot metal CoCs (alum~.~um banum, beryhum manganese and v d w )  drssolved 111 groundwater 
from Woman Creek are presented m Table 4 7 and are summanzed on Figure 4 7B Data used to plot rdonuchde 

COCs (amencium 241 plutomum 239/240 r d u m  226 and the three isotopes of urmum) 111 groundwater from 

Woman Creek are presented 111 Table 4-8 and summanzed on Figure 4 8B 
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Epad C 1 Downgradient of Pond C 1 no metal COCs dissolved were detected in groundwater at level 1 

concenuatlons (Figure 4 7B) Dissolved barium and manganese were found at level 2 concentrations 

October I995 

Dissolved radium 226 in groundwater is the only radionuclide COC that has been detected exceedmg level 3 

acuwes III the wells downgradient of Pond C 1 No radionuclides were detected at level 1 acuvlues 

P Q W ~  Both wells below Pond C 2 have been dry since they were constructed therefore no groundwater 
samples have been collected from these wells 

4 3 4  IHSS 209 and Other Surface Disturbances 

Data used to plot COCs for the vmous media for IHSS 209 and the other surface hsturbances are presented m 

Tables 4 1 through 4 6 and summarlzed on Figures 4 1A through 4 6B 

Of the media sampled at IHSS 209 and the other surface disturbances (surface soil and subsurface soil) the 

followmg is a short list of the COCs detected at level 1 and level 2 concentrauons 

0 A surface soil sample from locauon SS512493 in IHSS 209 (Figure 4 1B) contamed mercury at 
level 1 concentrauon 

A subsurface soil sample obtamed from 24 to 28 9 feet m borehole 57793 (Figure 4-4A) in the 
Surface Disturbance South of the Ash Pits contamed a level 2 ConcentraUon of anumony 

A subsurface soil sample obtamed from the surface to 2 feet in borehole 57793 (Figure 4 SA) 
contamed a level 2 actwity of urmum 235 

0 

0 

These data suggest that COCs exceedmg background are not present withm IHSS 209 and the other surface 
disturbances with the possible excepbon of mercury in one surface soil sample at IHSS 209 

4 3 5  Summary of COCs In and Around OU 5 IHSSs 

4 3 5 1 Summary of IHSS 115/196 

At IHSS 155/196 elevated concenuatlons of the COCs in all media (surface soils subsurface soils and 

groundwater) tend to be located in areas where buned wastes are present and elevated concentrattons m the a 
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subsurface soil tend to be limted to the same depths as waste materials However one surface soil sample located 

outside of the IHSS 115 boundary south of the central part of the landfill contamed elevated mercury whch was 

also detected at elevated concentrauons m surface soil withm MSS 115 duectly upslope Elevated acuwues of 

uraruum 111 surface soil follow the same pattern with downslope occurrences between the IHSS boundary and 

Woman Creek The distnbuuon of orgamc chemcals UI surface sods is also simlar but more resmcted areally 

with all of the detects greater than the contract requred reporung limts occumng wthm the boundary of the 
IHSS where concentrabons are generally less than 100 bmes these reportrng hmts 

The greatest concentruons of COCs m subsurface soil are withm the IHSS 115 boundary and most of the greater 

concentrauons are near IHSS 196 where much waste i s  buned A few occurrences of mckel and urmum 238 and 

235 that are not closely associated with the wastes may be related to consmcuon of the SID and other unlmown 

causes 

The metal COCs dissolved m groundwater are pNnanly manganese and banum whch may be naturally occumng 

because considerable manganese staumg is found on subsurface matenals and banum tends to be assocrated wlth 

manganese No elevated metal COCs are unequlvocally associated with the wastes However r d u m  226 

dmolved m groundwater does appear to be associated with the waste in the central part of the landfill and to have 

mgrated downgraent at low actrwt~es toward Woman Creek 

4 3.5 2 Summary of IHSS 133 

The Occurrence of COCs m the IHSS 133 area is slrmiar to that m MSS 155/196 m that elevated concentrahons 
tend to be 111 areas where buned wastes are present and tend to be lmted to depths of wastes Metals m the 

surface sods are at lower concentrahons than m IHSS 115 with copper dormnatlng Agam the urmum COCs m 
the surface soils tend to be elevated near waste sites and downslope from them. No organrc COCs were detected m 
the IHSS 133 area Elevated levels of metal and rdonuclide COCs m subsurface sods are closely assocrated with 
the buned wastes However as m IHSS 115 copper and ntckel m ad&uon to urmum isotopes are more widely 
Qstnbuted than the waste Also m IHSS 115 manganese and banum are at elevated concentrahons m 
groundwater though these two metals may be naturally o c m g  Rad~um 226 was detected at greater than two 

standard devimons above the background mean m a well downgrdent from the ash pit m IHSS 133 2 suggesung 
the presence of a plume contaumg low acuvltles of radwm 226 
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4 3 5 3 

October 1995 

Summary of IHSS 142 

Elevated levels of COCs in the Pond C 1 and Pond C 2 appear to be confined to the pond sedrments Mercury and 

uranium 238 concentrattons were detected in Pond C 1 sedrments and zinc concentrauons exceedmg the UTL,,, 

were found m Pond C 2 Dissolved radium 226 was detected in a monltonng well downgadient &om Pond C 1 

at levels greater than two standard dewattons above the background mean Wells immediately downslope from 

Pond C 2 are dry 

Elevated levels of COCs have been detected m surface water and sediments at a few locaons m OU 5 In a 

sediment sample from the SID at the southeast comer of IHSS 115 copper mercury and zmc were detected at 

concenuauons greater than three standard deviauons above the background mean In Woman Creek north of Pond 

C 2 amencium 241 and urmum 238 were detected at greater than three standard deviauons above the 

background mean Other measurable concenuauons/acuwues of COCs in surface water and stream sediments 

have been at relauvely low levels 

4 3 5 4 Summary of IHSS 209 and Surface Disturbances 

The only detect of a COC at a concentrauon greater than three standard dewauons above the background mean is 
for mercury m surface soil at a locauon in IHSS 209 

l 

e 
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Table 4-1 
Summary of Metal COCs Exceeding Background Mean in Surf'ace Soil 

Fxcu&lb- M u b r * k L . l t L u ~  U m m p h m S l u  

1Yl% 2161124 SS510593 SS50056AS COPPER 16 1 5 v  
2206001 SS507993 SS50030AS COPPER 15 75 5 v  
2160900 SS507293 SSMOUAS COPPER 15 7 5 v  
2224988 SS510393 SSsoo54As COPPER 15 6 5 JA 
2160984 SS507593 SSsoo26As COPPER 15 5 5 v  
2161208 SS510893 SSSOO59AS COPPER 15 5 5 v  
2223606 SS509293 SS50043AS COPPER 15 4 5 v  
2075525 SS506893 SS50019AS COPPER 14 9 5 v  
2227179 SS508093 SS50031AS COPPER 14 7 5 JA 
2160872 SS507193 SS50022AS COPPER 14 5 5 v  
2161096 SS510193 SSMos2A.9 COPPER 14 5 5 v  
2160816 SSS06993 SS5002OAS COPPER 14 1 5 v  
2224966 ss509793 ssMo4aAs COPPER 13 8 5 JA 
2225309 SS509793 SS50048AS MERCURY 01 B 01  v 
2225315 SS510393 SS50054AS MERCURY 0 1  B 01  v 
2223807 SS509993 SS50050AS MERCURY 009 B 01  v 
2123597 SS506493 SSsoO15ASU5 SILVER 3 3  2 v  

332 2746484 SS514993 SS50112AS COPPER IS 6 5 v  
2650897 SS514893 SS50lllAS COPPER 14 75 5 v  
2746462 SS515193 SS50114AS COPPER 14 3 5 v  
2746073 SS514993 SSSOll2A.9 MERCURY 01 B 01 v 

334 2746116 SS514093 SSSO102AS COPPER 15 9 5 v  
33.5 2744014 SS513493 SSMo96AS COPPER 13 8 5 v  

2746204 SS514393 SS50106AS COPPER 13 6 5 v  
09 2666874 SS512493 S S W 3 A S  COPPER 14 2 5 v  
133 2569821 SS513393 SS50092A.9 MERCURY 01 B 0 1  v 
V209 2569263 SS511793 SS50076AS COPPER 17 3 5 v  

2569329 SS512193 SSsooSOAS COPPER 17 5 v  
2569307 SS511993 SS50078AS COPPER 16 4 5 v  
2569219 SS511593 SS50074AS COPPER 16 2 5 v  
2569285 SS511893 SS50077AS COPPER 16 5 v  
2569241 SS511693 SSSW75AS COPPER 14 9 5 v  
2666818 SS512293 SSsoo8lAS COPPER 13 7 5 v  
2569743 SS512193 SSsooSOAS MERCURY 009 B 01 v 

1511% 2160844 SS507093 SS5002lAS CoPPER 20 3 5 v  
2223628 SS509893 SSSOO49AS COPPER 20 3 5 v  
2161068 SS509593 SSMo46AS COPF'ER 20 1 5 v  
2703339 SS510293 SS50053AS COPPER 19 1 5 v  
2206029 SS508293 SS50033AS COPPER 18 3 5 v  
2206253 SS511293 SS50063AS COPPER 17 7 5 v  
2225297 SS508693 SSM037AS MERCURY 0 12 0 1  v 
2225303 SS509193 SS50042AS MERCURY 0 12 01  v 

EXdkBrbrul  Mu+ wStu&dD.rL(I..WkIrlhmBwlg.d M u J P I h  

2703561 SS510293 SS50053AS MERCURY 012  B 01  v 
333 2746006 SS514493 SS50107AS MERCURY 0 12 01 JA 

2746254 SS514493 SS50107AS SILVER 6 3  2 JA 
33.5 2744036 sS513793 SS50099AS COPPER I8 1 5 v  
V209 2666790 SS512093 SS50079AS CoPPER 18 1 5 v  

1341 1763 2185 
1341 1763 21 85 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
008 011 014 
008 011 
008 011 
2 8  484  688 8 

1341 1763 2185 26 

26 
1341 1763 2185 
1341 1763 2185 
008 011 014 

1341 1763 2185 
1341 1763 2185 i0 
1341 1763 2185 am 

1341 1763 21 85 26.m 

1341 1763 21 85 2607 
008  011 014 0 17 

1341 1763 21.85 2607 
1341 1763 2185 2607 
1341 1763 2185 2607 
1341 1763 2185 2607 
1341 1763 2185 26.07 
1341 1763 21 85 2607 
008 011 0 14 0 17 

BhnbdIkTM8w 

1341 1763 2185 26 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 21 85 26 
0 08 011 014 
0 08 011 014 0 1  
008 011 0 14 01 
008 011 014 0 1  -4 

1341 1763 2185 



Table 4-1 (Continued) 

ha&&- MuDb.tk.StuLdIkri.tkr 

1511% 2224922 SS508693 SS50037As COPPER 184 5 JA 
2223562 SS509993 SS50050As COPPER 139 5 v  
2227223 SS510093 SSMoslAs COPPER 112 5 JA 
2161152 SS510693 SS50057As COPPER 78 2 5 v  
2223540 SS509393 SS50044AS COPER 71 9 5 v  

2206113 
2227201 
2206085 
2224944 

2223650 
2205945 
2205978 
2227372 

2223584 

2227384 
2227378 
2703567 
2227342 
2205950 
2206118 
2223801 

ss5oaa93 
ss509493 
SS508493 
SS509193 

SS51W93 
SS507793 

sssoa793 

ssso7a93 
ss5oao93 
SS510093 
ss509493 
SS509693 
SS508993 
SS507793 

ss509393 
sssoaa93 

ssm39As 
ss50045As 
ss50035As 
ss50042As 

SSS0055As 

ss50029As 
ss50031As 
SS50051As 
ssMo45As 
ssMo47As 
ssmoAs 

ss50039As 
sssoo44As 

ss5003a~s 

s s 5 m a ~ s  

ss5oo2aAs 

COPPER 
COPFER 
COPPER 
COPPER 
COPPER 
COPPER 
COPPER 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
SILVER 

5a a 
55 7 
45 2 
35 4 
33 5 
30 4 
27 6 

0 37 
0 34 

0 26 
0 255 
0 23 
0 21 
0 21 

0 195 
9 4 3  

o 38 

0 28 

5 v  
5 JA 
5 v  
5 JA 
5 v  
5 v  
5 v  

0 1  v 
0 1  JA 
0 1  JA 
0 1  JA 
0 1  v 
01 JA 
0 1  v 
0 1  v 
01 v 
0 1  v 

N 2 JA 

21 a5 
1341 1763 2185 
1341 1763 2185 26 
1341 1763 2185 26 
1341 1763 2185 26 
1341 1763 2185 
1341 1763 2185 
1341 1763 2185 
1341 1763 21 as 
1341 1763 2185 

1341 1763 2185 
ooa 0 1 1  014 

1341 1763 2185 

ooa 011 0 14 
008 011 014 
ooa 0 1 1  014 
ooa o i l  014 

ooa 0 1 1  014 

ooa o i l  014 
ooa 011  014 

008 011 014 

008 011 014 

2 8  484 688 

i 



SSm593 
s m 3  

SS5la9 
S M W P  
s s m 3  
ss506293 
s s m 3  
SS5m493 
ssmo93 

m593 
ss507993 
SS501293 
SS-3 
ss5c8993 

S S M  
s-3 
ss509493 
ss5Ga93 
s 506993 
SS510293 
ss509693 
ss-3 
s s m 3  
SS50?193 
s s m 3  
ssm693 
ss-3 
SS511393 
S 515293 
ss507093 
s s m 3  
ss5Ga93 
ssmo3 
ss-3 

54829 
ss509393 
SSm 
ss505993 
SS06293 
ss5ca993 
SMdop 
s s m 3  
ssm 
SS507493 
SS506193 
ssw593 
SS515293 
ssmm 
sssoas93 
ss-3 
sslw393 
ss507593 
ssm693 
ss5 c593 
I-3 
SS509193 
ss5cu293 
SS51C893 
ssu)61193 
ssm993 
ss-3 
ssm.293 
SSSO6193 

509793 
55507393 
SS5 M 
SSm193 
Mdop 

SS51U393 
5077 

a m  
aoul 
ami 

R o n  
036 

1 
03 

a0 6 
am 

a019 

a0178 
am2 

ai 
ami 

ai 

a m  

U a2 

a m  

aoup 
a m  

a m  
U ai 

017 

019 

UZS1 

0 

0 

U a2 
0 

0 

0618 
a06 

a m  
U a2 

ozpl 
U 03 

am 
ai 

0 
0 
0 

U 03 
aoi% 
aam 
aoi% 
arm 

aoin 
aoii 
ami 

a2 
am 
ai 

am 
ai 

ai 
a017 

ai 

a2 
035 

0 

a 3  
a2 

04n 
am 

a019 
rm 

Y 
Y 

A 

A 

Y 
Y 
A 

A 

A 
A 
Y 

A 

A 
A 
A 
A 
Y 
Y 
Y 
A 
Y 
A 

A 

A 
A 
A 

A 

A 
A 

A 

A 

am 
am 
am 
m 

am 
am 
am 
am 

am 
am 
am 
am 
am 
OM2 
am 
am 
m 

039 

039 

am 

alp 

am 

am 

am 
am 
am 
am 
a m  
am 
am 
am 
am 
am 
am 

am 

am 

am 

am 
am 
am 
am 
am 
am 
a733 
a733 
a733 
a733 
an3 
a733 
a733 
a733 
a 33 
a733 
a733 
an3 
a733 
a733 

a733 
a733 
a733 
m 

an3 

a733 

039 

m 

om9 

Q(D9 

733 

733 

73 
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0 

nn w 
ivm ma24 

SS512193 
SS512093 
SSSlIW3 
SS5 2093 
SS511593 
SS51169 
SS511993 
SS511593 
SSSlla93 
SS 2193 

SSSlI 93 
ss5  2093 

am 
am ami aiu ai 

a04 am 

1302 l u z  1 
a m i  a i u  
ami a i u  a 
ami aio a 
0091 aio a 
1146 1.559 1 
I146 1.5% 1 
I146 1.5% 1 
1 1 4 6  1359 1 
1146 1559 1 

146 1359 1 

46 
1.3m 
1.2839 

21295 
a i u  
a i 1  
a i l  u 
P 
Y 

135 
1.31 

l W 5  
2394 

1 I8 

am 
a m  Y 

a m i  Y 

a016 A 

a019 
a016 
am A 

a m  Y 
a m  Y 

a04 Y 

W Y  
0 

0 . 2 A  
mp 

O A  
2289912 s s m  sslw#3ASup 11761 am3 A I a733 1 1 4  1.559 I 

333 26918 SS514993 SSSOllW LE33234 15 B a012 A I am 1.m i u z  I 

26Wl55 SS515193 SS5oll4M In35 a m  BI ami A I 4009 aai ala a i  
333 m42 ss54793 ss5olloAs M3234 B am l a m  rn 1.582 1 

264B68 SS513993 SS5olOlAS M3DI 15 B am3 I am 1302 1.582 1 
335 2-53 SS513193 SSSlWAS In35 a i l  I am2 A I am, ami a i o  a i  

mom s 5 i m  ss5oinAs m 36% a m  Y I am 1 1 4  i u 9  
33.l 28m21 SS5145?3 SSJolQW M3234 l d  B M19 A I 1.202 1% 1 

2639693 SS5 SS501mAS M3234 B 0 am m u z  

33.2 367C8l5 SS514893 SS5ol AS M234 16469 m y  am .m 1% I 
-1 SS51 193 SSsOlO3AS IM 1 6  B a017 A am 1 1 4  1.559 1 

m 4 9  SS515093 SSP113AS ID3234 1.6 B aoi A am 1302 i u z  I 
WOOL3 SS514893 SSSOlllW Lm I 96495 a m 4  Y I a733 1146 1 s  I 

fu 7.6S9735 SS514693 SSJolO9AS M3234 1 6  B a036 A 10822 1301 I S 2  1 
rn SSS147 3 ss5olloAs In35 
26Wl34 SS514693 SSJol09As In35 

a 9  tu am a m  awl a i u  
17 BI M I 4  I am ami aiu ai 

M40 SS514793 SS5ollOAS IM 1.8 B aw A a733 1146 15% I 
33 264- 514093 SS5olouS In35 a15 I a m i  A am ami a i u  ai 
335 mns4 ~ ~ 5 1 3 ~ ~ 3  ss5oicws ~ 3 2 3 4  I 8  B aos2 A am 1301 1% I 

moo 29 5oWAS m234 m 3 0 2 . 5 8 2  962 
MCd 4% Jow In35 8 5  tu m a 4 95 

SS514293 SS50IMAS In35 5 B I  aoi i  amp a m i  aiu a i q  



Table 4 2 (Continued) 
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94 
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2107 
26707 

392 
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l a 6 5  
670 
4 
1 
9 

21 
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0.m3 
31000 
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70 
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0 75 
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Table 4 3 (Continued) 
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BKlp 

BNAa?  
BNAaP 
B N k a p  
BNAa? 
BNAlLP 
mAa? 
BNAa? 
BNAa? 
BNAa? 
p65112p 
panap 
lwluP 
RXmJ 
panap 
PEsluP 
FfmUP 
p65112p 
RXmJ 
Aa? 

0 
00 

960 
UOO 
2 M )  
2000 
‘100 

1000 
940 

900 
a o  
60 

m 

730 
uo 

m 
SI0 
520 
%S 
440 
3m 
3’10 
240 
so 
00 

3100 
00 
600 

42 

M) 

00 
06s 
900 
so 

6)o 

Mo 
30 

220 
2600 

30 V 
30 

D 330 
330 
330 
330 
30 

330 V 
330 
330 
330 
30 

330 
30 

330 
330 V 

30 
330 
330 
330 
30 
30 

I 330 
I 330 
1 30 

330 IA 
D 330 

330 
DI 330 7. 

330 
330 
30 
60 
60 
60 

X 60 
60 
60 
60 

160 
60 
30 



Table 4 3 (Contiuacd) 

a 

600 
Mo 
wo 
73a 
M 

00 

35 
w 

U 
30 
30 
0 

340 

30 
M 

330 

330 
330 

30 
I 330 

330 
330 V 
330 
330 V 
30 
30 
30 

J 33a 
30 

Bx 330 A 

D 330 
330 

D 30 
30 

330 
D 330 

30 
330 

D 330 
D 330 

330 Z 
330 

D 330 IA 
fi 330 

im 
m 

C im 
X 8 

30 

D 330 

30 V 



3334952 
4981949 
5105493 
2700368 
5009789 
2633713 

5105437 
4929349 
2686964 
2700126 
2700434 
4932915 
2700500 
2091481 
4981921 
488016 
5105297 
4%1693 
4880314 
2133994 
4961553 
5105325 
5009761 
2700802 
2700044 
2120433 
2686942 
2700692 

4961525 
2686882 
2700890 

2700192 
3334959 
206#S64 
2005309 
2746550 
2120455 
2700824 
2005272 
2060820 
2650787 
3334995 
4961581 
5105353 
2037352 
2060842 
2700632 
5105465 
4880295 
2633635 
2700872 
4%1674 
2700438 
5I05502 
2120393 
3335189 
2133976 
4981958 

mmn 

zizo4n 

2120389 

Table 4-4 
Summary of Metal C O G  Exceeding Background Mean in Subsurface Soil 

59T93 
59793 
56694 
59894 
59593 
58794 
58593 
57594 
59494 
57594 
59293 
59793 
59593 
57594 
59493 
50792 
56694 
58494 
57094 
56694 
58494 
51092 
56694 
57094 
58694 
63193 
59793 
50892 
59293 
6 1293 
50892 
56694 
S9293 
6109J 
50592 
59193 
59793 
50692 
50392 
58693 
50892 
63193 
50392 
50692 
58693 
59293 
56694 
59494 
50492 
50692 
61293 
59894 
58494 
58593 
60993 
56694 
59593 
59894 
50592 
59593 
50992 
56694 

BHWI(88AS 
BHW12US 
BH(XII64AS 
BHSOS52AS 
BHaoO54AS 
BHu)IoIAs 
BHOOWIUS 
BHOO16OAS 
BH00078AS 
BIWCQIAS 
BIUO486AS 
BHSOS54AS 
BHOOOBSAS 
BHSO3ZZAS 
BHMIO5AS 
BHOOll3AS 
BHax)68As 
BHWI47AS 
BH00112AS 
BHOW71AS 
BHM153AS 
BHOW96AS 
BHW148AS 
BH0005US 
BHSOSI6AS 
BIw484As 
BHMlZlAS 
BH4044OAs 
BHSOM5AS 
BHSOIUAS 
BHWO95AS 
BHSO439AS 
BH50603AS 
BwM)64As 
B ” I A s  
BIUO488A.5 
BwMo89As 
BHMOISAS 
BHSO349AS 
BHSOIWS 
BHSO617AS 
BHwW)IMs 
BIW087AS 
BH50405AS 
BHS04CQAS 
BHooo98AS 
BHWlSZAS 
BH5W39AS 
BHMo88As 
BHS0504AS 
BHW162AS 
BH00068AS 
BHSO347AS 
BHS0588AS 
BHWl1 IAS 
BHSO354AS 
BHWI64As 
BWOO64AS 
BIEO540AS 
BHSO14oAs 
BHWlZUS 

0 2  
U X  

43 0-150 0 
19 9-31 9 

(1-6 

00-24 
1 2 s  I8 1 
60-120 
119-179 
00-60 
1r 189 

13.3 153 
14d 164 

129 17.8 
w IU 

00.60 
00-400 
00-410 
60-95 
0 8  

00.60 
o w 0  
00-29 
0 8  

w 7 3  

6 IT 
6 10s 
8.16 

0 0 4 0  
u.6 
6 13 
12 IF 
2-W 
U T  

(Y 14 
1s 24 

6 12’ 
6 IT 
2Sw 
0 8  

25s 7.99 

60-100 
00-59 
I?! IF 

0-6 
17 9-19 9 
0 0 4 0  
U 8  
0.6 

0 0-35 0 
144 16A 
19 9-31 9 

I?! I I  
U T  
U 16 

43 0-150 0 

18 0-23 o 

43 a m  o 

a-s 

ir 1 9 s  

ur 

6 ir 

ANTIMONY 
ANTIMONY 
coppw 
CofpBR 
coppw 
COPPER 
COWER 
COPPER 
coppw 
coppw 
coppw 
COPFFJt 
COPPER 
COPPER 
COPPER 
COPPER 
COWER 
COFT@R 
COPPER 
c o r n  
COPPER 
COWER 
COPWR 
COPWR 
COWER 
COPWR 
COPPER 
COPPER 
COPWR 
COPPBR 
COWER 
COPPER 
COPWR 
CaTm 
CoPpeR 
COPWR 
c o r n  
coppw 
COPPER 
COPWR 
coppw 
COPPER 
COFmx 
COPPER 
COPPBR 
COPPeR 
c o r n  
COPPER 
coppw 
COPPER 
COPPER 
COWER 

NICKEL 
NICKEL 
NICKEL 
NICKEL 

NICKEL 

m c m  

m m  

mcKEL 
m c x a  
NIatEL 

85 
7 1  

252 
2-33 

22 85 
22 6 
22 5 
22 4 
22 4 
222 
21 7 
21 6 
21 3 

21 
20 7 
20 5 
20 4 
20 3 
19 9 
19 6 
19 5 
19 1 
18 4 
17 9 
17 3 
17 3 
17 2 
17 I 
16 9 
16 9 
16 7 
16 7 
16 7 
16 7 
16 6 

16.55 
16 5 
IS 9 
15 8 

15 55 
15 3 
15 3 
14 8 
14 8 
14.7 
14.7 
14.5 
14.5 
13 9 
13 2 
12 8 
127 
33 2 

33 05 
286 
27 1 
25.5 
237 
236 
23.5 
234 
2-34 

B 12 JA 
B 12 IA 

25 IA 
2 5 v  

S V  
5 JA 
5 v  
2 5 v  
2 5 v  
2 5 v  
5 v  
5 v  
5 v  
2 5 v  
5 v  
5 v  
2 5 v  
2 5 v  
2 5 v  
2 5 v  
2 5 v  
5 v  
2 5 v  
2 5 v  
5 J A  
S J A  
5 v  
5 v  
5 v  
5 JA 
5 v  

2 s v  
s v  
5 IA 
5 v  
S V  
S V  
S V  
5 v  
5 v  
5 v  
5 IA 
s v  
5 v  
5 v  
5 v  
2 5 v  
2 5 v  
5 v  
5 v  
5 J A  
2 5 v  
40 JA 
8 V  
8 V  
4 0 v  

8 V  
4 o v  

8 V  
8 V  
8 V  
4 0 v  

5105306 57094 BH00147AS 00-400 NICKEL. 22 6 4 o v  

6 56 
6 56 

12 59 
12 59 
12 59 
12 59 
12 59 
12.59 
12 59 
1239 
12.59 
12.59 
12 59 
12.59 
12.59 
12 59 
1259 
1259 
12 59 
12.59 
12 59 
12.59 
12.59 
12.59 
12 59 
12.59 
12.59 
12.59 
12.59 
12.59 
1259 
12 59 
12 59 
1259 
12.59 
12.59 
1259 
12 S9 
12.59 
12.59 
12.59 
12 59 
12 59 
12 59 
12.59 
12.59 
12.59 
12.59 
12.59 
12 59 
12 59 
12.59 
19 81 
19 81 
19 81 
19 81 
19 81 
1981 
19 81 
19 81 
19 81 
19 81 

9 4  
9 4  

2s 36 
25 36 
2536 
25 36 
25.36 
25.36 
2536 
25 36 
25.36 
2536 
25 36 
25 36 
25 36 
2s 36 
2536 
2536 
25 36 
25 36 
25 36 
2536 
25.36 
25 36 
25 36 
1536 
25 36 
2536 
2536 
25 36 
25.36 
2536 
2s.36 
2536 
25 36 
25 36 
25 36 
25 36 
25 36 
25 36 
25.36 
25 36 
25 36 
2536 
25 36 
25 36 
2536 
2536 
25 36 
25 36 
25 36 
2536 
40 37 
40 37 
40 37 
40 37 
40 37 
40 37 
40 37 
40 37 
40 37 
40 37 

12 24 
12 a4 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 I3 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
3813 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
6093 
6093 
6093 
6093 
6093 
6093 
6093 
6093 
6093 
6093 



2700736 61393 B H S ( # M  (1.6 c o r n  

2701000 63093 BHSO559AS 1920’ COPPBR 
2700758 61393 BHS0576AS (110 COPPBR 
2452518 56693 BHSO227AS (15 coppw 
2700566 61493 BHSO583AS ( Y E 9  COPPER 

2453074 56193 BH50232AS (1.6 COPPER 
612’ COPPBR 
(1.6 COPWR 

2452462 56593 B- irir coppw 

27m7a  59693 BHSOSS~AS 12 1 5 3  COPPBR 



Table 4 4 (Continued) 

%=- a-* w Rrdl R- 
IAssRI* ID Last* N 1-1 crclbcl, h ~ Q m  Y 5 r  Lu( VJU. 

2452378 56593 BHSOZZIAS 0 2  CoPApl I3 6 5 v  
2453102 56793 BH50233AS 6 1 2  COPPER 13 4 
2700610 61493 BHSO584AS 5 3  135' COPPER 13 4 
2453046 56793 BHMZ)IAS 0 2  COPPER 13 3 
3334793 61493 BH50651AS o r  COPPER 13 3 
2452406 56593 BtwZUAS 0 5  c o r n  13 1 
2700350 61193 BH5Mo3AS 61U NICKEL 34 65 
2700916 59693 BHw)556AS 0 5  NICKEL 21 3 

5 v  
5 J A  
5 v  
5 v  
5 v  
8 V  
8 V  

2700762 61393 BHsos76AS u10 NICKEL 20 9 8 V  
I34 2519064 55793 BHM307AS 05  c!ADmJM 076 B I J A  

2519068 
2519090 
3335051 
2358212 
2463001 
2519134 
2358240 
2358128 

55793 
55793 
58993 
55593 
55993 
55793 
55593 
55593 

0 5  
6 12 
a 2  

18 24 
9 3  IS 

12.4 18.4 
w26 
6 ir 

24 9 
23 9 
23 4 
23 1 
22 7 
21 7 
21 1 
20 4 

5 v  
5 v  
5 v  
5 v  
5 v  
5 v  
5 v  
5 v  

2700214 59093 BHMIllAS (1-6 COPPER 19 65 5 v  
2743712 58093 BHM313AS 0 2  COPWR I9 5 5 v  
2358100 55593 BtwO57AS 0 5  COPPER 19 5 v  
2703235 58993 BfLWSOAS U-6.4 (3oppBR I7 75 5 v  
2703317 58993 BHsw8W 6.4 12 (3oppBR I6 3 5 v  
2462891 56093 BHWn71AS ?-r CoPwR I5 5 5 v  
2425126 55893 BHMI4IAS 0 2  COPPBR 15 2 5 v  
2 7 m 6  59093 BHMIIW 612 COPWR 14.3 5 v  
3335105 59093 B1w618AS 0 2  CoPpBR 13 2 5 v  
2743744 58093 BHSO314AS 0-8' MOLYBDENUM 196 B 4 0 v  
2358218 55593 BHsoo82AS 18'24 NI- 30 3 8 V  
2519072 55793 BIUMO'IAS 0.6 NIacEL 261 8 V  
2519094 55793 B"308AS 61r NICKEL 253 8 V  
2358134 55593 BHSOOSBAS 612 NICKEL 20 3 8 V  
2743716 58093 BHM313AS 0 2  NICKEL 20 1 8 JA 
3335037 58993 B ~ ~ A S  a 2  Sam I t  6 2 v  

k5 2358012 55493 BHSW33AS 6 124' CADMIUM 0 7  B I V  
2358352 55293 BHSO107AS 610 COPPBR 19 9 5 v  
2358016 55493 BHMo33AS 6 124 C O m  I9 9 5 v  
2358324 55293 BHSO106AS 0 5  COPPBR 18 2 5 v  
2357988 55493 BHMo3W a 5  COPPER I7 6 5 v  
2331328 55493 BHSOIMAS 173 W COPPER 13 9 5 v  
2331300 55393 BHSOlI7AS 2 5 8 3 3 3  COPPBR 13 7 5 v  
2358268 55193 BIW090AS u 5  COPPER 13 6 5 v  
2432354 55393 BHM165AS 12 17X COPWR 13 35 5 v  
2358330 55293 BHSO106AS 0 5  NICKEL 22 2 8 V  

I36 2357932 54893 BHSOO17AS 01.65' COPWR 241 5 v  
2358380 55093 BHSO13IAS 6 13X COPPER I9 5 
2358044 54993 BHS0035AS 0 5  COPWR I9 4 
2358072 54993 BIwo4us 61U COPPBR I5 1 

5 v  
5 v  
5 v  

2358050 54993 BH90035AS 0-6 NIamL I9 9 8 V  
1210 1882999 50092 B " 3 O A S  014.8' CADwuM 082 B 1 v  

1883MyJ 50092 BlElDoMus 014.8' COPWR 20.5 5 v  
2075487 51193 BHSO168AS 0 1u COPPBR I6 8 5 v  

1211 1883227 50292 BHSOMWVS U l l s  COPPBR 22 8 5 v  
hnetk 2860046 64493 BHSO63W I214 ANTIMONY 7 7  B 12 JA - 
wmly 2859958 
r 1x33 2860031 

2859817 
2860009 
285992 I 
2860053 
2859943 

2859899 
2859969 

28598n 

64593 
64493 
64693 
64493 
64593 
64493 
64593 
64693 
64693 
64593 

BHSO636AS 
B W 3 1 A S  
BHSO638AS 
BHSO630AS 
BHXM34AS 
BMO63US 
BWO635AS 
B W 3 9 A S  
BIuo64oAs 
BHXM36AS 

ir IS 
6 lr 
(15 
0 5  
(1-6 

12 14 
6 12 
6 12 
12 16 
12 IF - 

6 9  
18 6 
18 4 
17 9 

I7 
I6 5 

16 
IS 6 
14.5 

27 

B I2 JA 
5 v  
5 v  
5 v  
5 v  
5 v  
5 v  
5 v  
5 v  
8 V  

12 59 Z 36 38 13 
12 59 Z 36 38 13 
12 59 25 36 38 13 
12 59 25.36 38 I3 
12 59 25 36 38 13 
19 81 40 37 6093 
19 81 40 37 6093 

81 
81 

19 81 40 37 6093 81 
064 0 88 112 1 

I2 59 25.36 
12.59 25.36 
12 59 Z 36 
12.59 25 36 
12.59 25 36 
12.59 25 36 
12.59 2536 
12 59 25 36 

38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 

M 
M 
M 
50 :I 

12.59 25.36 38 13 50 

12.59 25 36 38 13 M 
12.59 25.36 
12.59 2536 
12 59 2536 
12 59 z.36 
12.59 25.36 
12.59 25 36 
12.59 25.36 
15 39 24.4 
19 81 40 37 
19 81 4037 
19 81 40.37 
19 81 40 37 
19 81 40 37 

38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
33 41 
6093 
6093 
6093 
609) 
6093 

19 81 40 37 6093 
064 0 1  112 

1259 Z.36 38 13 
12 59 2536 38 13 
12.59 Z 36 38 13 
6 %  9 4  12 U 
6.56 

12.59 
12.59 
12 59 
12 59 
12 59 
12.59 
12.59 
1259 
19 81 

9 4  
25 36 
2536 
2536 
25 36 
25 36 
2536 
Z 36 
2536 
40 37 

11.u 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
38 13 
6093 - 

50 
M J 81 



Table 4 4 (Continued) 

w-- supk apu R r d I  R& . -  
IHssRIk ID h t k  N 1-1 c.rmlu hlerqQ0. y(Lr L U  VIM 

2859821 64693 BHM638As a 4  NICKEL 24 a v  
2860035 64493 B ~ ~ I A S  612 NICKEL 23 9 a v  

msssai 64693 B E I S O ~ ~ A S  612 NICKEL 23 a v  

2859925 64593 BHM634AS 0-6 NICKEL 22 1 a v  

2a60013 BHM630AS (1-6 NICKEL 23 3 s v  

2859947 64593 BEC635AS 612 NICKEL 22.5 8 V  

l3.3 2569395 57993 BHS0316AS 4 9  8 1 COF'PBR I9 55 5 v  
2519398 57793 BHS0338AS 2 4 2 8 9  COPPER 168 5 v  
3348803 57893 ~ ~ 5 0 3 4 ~ ~  i a r 2 6 A  c o r n  I4 7 5 v  

DEMl 4933027 6GU94 BH00089AS 00-50 COF'PBR I9 6 2 5 v  
5209091 55194 BHOW29AS 60-120 COPWB 16 4 
5209203 55294 BH00033AS 120-152 COPWR IS 
5209175 55294 BHooo3US 60-120 COPWR 13.5 
5209147 55294 BH0003IAS 00-60 COPWR 13 4 
5209156 55294 BHMnnlAS O M 0  NICKEL 29 3 

2 5 v  
Z S V  
2 5 v  
2 5 v  
40 JA 

4933008 59994 BHaoo88As 00-53 NICKEL 265 4 0 v  
23 2 5 v  

4 0 Y  
4 0 Y  
4 0 Y  

3335185 59593 BHSDU~AS (12 C a m R  30 9 
~ ~ 0 8 0 9  sa693 B H S ~ ~ ~ ~ A S  (14 COPWB 29 8 
4%166S 5669* BHOOIllAS 00-350 COPWR 29 7 
20372% 50492 BHIKKn7AS a4  COPWR 26 6 
2700868 60993 B1w588AS a 4  COPPBR 26 

5 v  
5 v  
2 5 v  
5 v  
5 v  

2700828 63193 BlUO617AS 612' NICKEL 466 8 V  
D 1  2743678 56393 B l w l l U S  5 4  MOLYBDBNUM 24.5 B 4 0 v  

4961506 57294 BHMo91AS 00-40 NICKEL 58 4 0 v  
2743628 56393 BIUOZI3AS e-8 NICKEL 453 a v  

u2 2 m n o  57393 BIUOZ~IAS zzi 161 COF'PBR 34.2 5 v  

2462725 56993 BWllMOlAS rnm 51 a v  
u.3 2700346 61193 BHSO503AS 6 10 COPPBR 29.8 5 v  

2700956 59693 BIUOS57AS 612 COPWR 282 5 v  
3334867 61393 BH50650AS a 2  COPPBR 21 3 5 v  
2452471 56593 BWllM24AS lY I7 SLVER 15 6 2 v  

u4 2743729 Sam B I W ~ I ~ A S  (1-8 BPRYLLIUM 12 2 I V  
2462935 55993 B1w16US a 2  COPWR 27 9 
2519046 55793 BH50306AS a2' COPWR 26 4 
z 7 o o ~ ~ a  59093 BHSO~I~AS irm c o r n  2 6 3  
5422816 55694 BHWO41AS O M 0  NICKEL 59 6 
2462%1 55993 BHSOISIAS a 4  NICKEL 54.8 

5 v  
5 v  
5 v  

2.58 Y 
a v  

2463007 55993 B1wl87AS 9 3  IS SILVER I6 4 2 u  
~ . g k  2860002 6449) ~ ~ 4 0 6 3 0 ~ s  a4  ANnMoNY 11 1 B 12 JA 

2859903 64693 BHM~UIAS izie NICKEL 51 8 a v  
I33 2569391 57993 BM0316AS 4 9  8 1  CADMIUM 0 935 I V  

7.569399 57993 BH50316AS 49-81 NICKEL 454 a v  
DEM-1 4932999 59994 BHaOOBBAS 00-53 COPFBR 37 9 2 5 v  
DEM.Z 52a4ia2 56094 BH00037AS O M O  MOLYBDENUM zoo Y 

5372419 55994 BH00035AS 60-11 2 NICKEL 449 EN 294 Y 
52a41m 56094 BHOOO~~AS 60.120 SILVER 231 10 Y 

h b n  (x STDDEY).l- 
x-2 X-3 M r  X 1 

19 a i  40 37 60.93 81a 
19 a i  40 37 6093 81 R 
19 a i  40 37 6093 81.4B 
19 ai 40 37 6093 81.49 
19 81 40.37 6093 81.49 
19 81 40 31 6093 
1259 2536 38 13 
12 59 25.36 38 13 
12.59 2536 38 13 sa 
1259 2536 38 I3 50. 1 

12.59 2536 38 13 
12.59 2536 38 13 
12 59 2536 38 13 
12.59 25 36 38 13 
19 a i  40 37 6093 
19 81 40 31 6093 
12.59 2536 38 13 
19 ai  40 37 60.99 
19 81 40 37 6093 
19 81 40 37 6093 

2536 38 13 
12.59 2536 38 13 50. 
12.59 2536 38 13 50.9 

064 086 I 12 1 
I- 

12 59 2536 38 13 
12.59 2536 38 13 1 

12 59 25.36 38 13 50.9 
12.59 25.36 38 13 50.9 
12 59 25 36 38 I3 50.g 
12 59 2536 38 13 50.9 
12.59 2536 38 13 50.9 
1981 4037 6093 
15 39 24.4 33 41 
19 81 40 31 6093 
19 81 40 37 6093 

12.59 2536 38 13 
1259 25.36 38 13 
19 81 40 37 6093 

I2 59 2.5 36 38 13 

50. 
12 59 ZS 36 38 13 
12.59 2536 38 13 

5 7  15 1 24.5 
466 943 14.2 



2650805 58693 BH4M4BAS (1.6 CADMIUM 1 2  
2633685 58593 BHsO403As 6 12s COPPBR 50 8 
2633629 58593 BH4M47AS 0 8  c o r n  49 85 
5 W 5  57994 BHaool7AS 00.63 CoPwR 42 4 
2700894 61093 BHS0603AS 613 N I 5  738 

I V  
5 v  
5 v  
5 1A 
8 V  

064 0 88 112 
1259 25 36 38 13 
1259 25 36 38 13 
1259 2536 38 13 
19 81 40 37 6093 81 

9 4  12 24 
088 112 

2462670 56593 BH50198AS w r  ANTIUONY 14.1 B 
2515251 57293 0-w 0-6 CADMRRrI 13 
2462695 56903 BHSO199AS 04 CADMIUM 1 2  1 JA I 064 088 112 1 

I34 2462884 56093 BH40271AS 2.8' ANTIMONY 15 12 IA 1 656 9 4  I2 7.4 15 
2519042 55793 BH50306M 13 1 IA 1 064 0 88 112 13d 

2746351 
2746521 
2746524 
2633625 
2700714 
2746528 
2146358 
2700456 
265(m31 
2746336 
2133927 
2746506 
2133972 

58393 
58493 
58493 
58593 
59493 
58493 
58393 
59493 
58693 
58393 
50992 
58493 
50992 

6 1ZT 
6 lr 
6 12' 
(1.6 

0 6 3  
6 12 
6 I2T 

6 9  129' 

0-6 
(1-6 
(1.6 

0' 16 

6 ir 

15 8 
I5 6 
23 
2 2  

6910 
749 
361 

11735 
93 

735 
657 
59 1 

58 

12 u 
11 u 
I V  
t u  
s v  
5 v  
5 v  
5 v  
5 v  
s v  
5 v  
5 v  
J V  

2746538 58493 BH4M46AS 612 MOLYBDENUM 190 4 0 v  
2746362 58393 BHSOJUAS 6 IZT m a m  118 8 V  
4 ~ 8 0 3 ~  58.w BHOO(~IAS 60.95 m 5  102 
2700718 59493 BlWSZOAS 01-63 NlcKBL 91 7 
2146532 58493 BIw346AS 611 NICKEL 91 2 
2 7 W O  63193 B1w618AS 12ZU N l 5  84.9 

40 IA 
8 V  
8 V  
8 V  

27CQ720 59493 BHSOSXIAS V6.Y S I L m  36 z v  
I31 2743661 56393 BHSO?IUS 2.6 ANTIMONY 33 2 I2 IA 

2743611 
4%1491 
2743664 
4%1493 
2743620 
2743642 
2743668 
4961497 
2743646 
2743624 
4961504 

56393 
57294 
56393 
57294 
56393 
56393 
56393 
57294 
56393 
56393 
57294 

6-8 
0 0.4.0 
2-6 

004.0 
6.8' 

2.6 
0 0.4.0 
U T  
6 P  

0 0.4.0 

ur 

19 8 
22 8 
56 9 
I5 2 
3 2  

2 
2920 
363 
158 

83 6 
470 

12 JA 
5 v  
I V  
5 v  
1 u  
t u  
5 v  

2 s v  
5 v  
5 v  

m v  
2743674 56393 BH502lUS 2 8  SlLVBR 158 2 v  

I32 2463060 56893 BHM238AS 4 8 3  ANTIMONY 149 12 IA 
2686979 58793 BH30406AS W-61 ANTIUONY 24 1 12 u 
2687045 58193 BH504Q9AS 18'7.4 ANTIMONY 21 12 IA 
2463062 56893 BHM238AS 4 8 3  BmVUNM 131 1 v  
2462717 56593 BHWm)lAS CADMIUM 24.9 I V  
2463063 56893 BHSOZ38AS 4 8 3  CADMNM 17 6 1 IA 
2463041 56893 BHIMU7AS 1.4 CADm 2 6  1 u  
2425178 56593 BHSO20W 8 1  14 CADMIUM 1 6  I V  

15 39 24.4 33 41 
19 81 40 31 6093 

-- 



Table 4 4 (Continued) 

s+gaafc s.lp* w Rrd( R-8 
IHssRI* ID h c k  N Intrrrl c . r b  imr- Qw Y l k  Lhlc Vdia 

1463067 56893 BHu)238AS 4 8 3  CoPwR 1380 5 v  
2462721 56993 BH50201AS COPWR 149 5 v  
2463045 56893 BHXW7AS 1-4 COPWR 64.1 5 v  
2463077 56893 BHu)t38AS 4 83 MOLYBDENUM 129 4 o v  
2463071 56893 BHsoZ38AS 4 83 NICKBL 4750 8 V  
2463073 56893 BHu)t38AS 483  190 z v  
2462n7 56993 BHMZOIAS SUVBR 41 2 z v  

D.3 2700342 61193 BH5OSO3AS 6 IU CADMIUM 1 4  1 JA 
u4 2703228 58993 BH5048MS U6.4 ANTIMONY 51 5 12 JA 

2743727 
3374234 
246297l 
2462950 
2703310 
2519083 
2462953 
2462975 
2743730 
5412759 
2743686 
2462931 
5422762 
5422783 
2462957 
2743734 
2462919 
5422186 
2743738 
2462983 
2462985 
2743140 
2462963 

58093 
59093 
55993 
55993 
58993 
55793 
55993 
55993 
58093 
55694 
58093 
55993 
55694 
55694 
55993 
58093 
55993 
55694 
58093 
55993 
55993 
58093 
55m 

ANTIMONY 505 
ANTIMONY 33 
ANTIMONY 28 
AmlMoNY I9 6 
ANTIMONY 19 45 
AmlMONY 16 4 
CADMIUM 42 3 
CADMIUM 39 9 
CADMIUM 267 
CADMIUM 11 2 
CADMIUM 2 1  
CADMNM I 5  
CADMIUM 1 4  
COPWR 2520 
COPPER 951 
COPPER 880 
COPWR 755 
COPPER 664 
NICKEL 115 
NICKEL 932 
SUVBR 311 
sum 106 
SeVBR 53 3 

12 JA 
12 JA 
I2 IA 
12 JA 
12 JA 
12 1A 
1 v  
1 v  
I V  

N 0644 Y 
I J A  
1 JA 

N O B 5  Y 
043 Y 

5 v  
5 v  
5 v  

0437 Y 
8 V  
8 V  
2 v  
z v  
2 v  

5422835 55694 BHOOO41AS O M 0  SUVBR 50 7 0644 Y 
u5 urn296 55193 ~ ~ s o o 9 9 ~ s  6 1  COPPBR 390 5 v  
Dl1 1883223 50297. BIWOOBAS U l U '  CADMIUM 18  1 JA 
DEM-1 5209212 55294 BH00033AS 120-152 NlcKBL 355 4 0 u  

DEM-2 5372394 55994 BHClW34AS 00-60 ANTIMONY I63 N 0497 Y 
5372409 
5372414 
5284171 
5284199 
5372417 
5284255 
5372438 
5284175 

55994 
55994 
56094 
56094 
55994 
56094 
55994 
56094 

00-60 
0 0 4 0  
00-60 
6 0-12 0 
60-11 2 
18 0-22 0 
0060 
00-60 

446 
71 

35 3 
8 8  
5 2  
2 1  

8850 
1150 

0248 Y 
0745 Y 

5 Y  
5 Y  

0734 Y 
5 Y  

074S Y 
2 5 Y  

5372441 55994 BHOW35AS 60-112 COPWR 758 O n 4  Y 
5284203 56094 BHoo038AS 60-120 COPPBR 309 2 5 Y  
5284259 56094 BHwo4aAs 180-220 CoPwR 124 2 5 Y  
5284231 56094 BHOW39AS 120-180 COPWR 85 Z Y  
5372471 55994 BHOW34AS 0 4 6 0  MOLYBDENUM 65 1 371 Y 
5372476 55994 BHMX))*AS 00-60 NIcKBL 255 EN 298 Y 
5284184 56094 BHOW37AS 00-60 NICKBL 93 4 0 Y  

0993 Y 5372495 55994 BHOOM4AS O M 0  S U m  209 E 
5372498 55994 BHooo35AS 60-112 SUVBR 513 E 0919 Y 

M.u X l  X=2 XJ 
12 59 2536 38 13 
12 59 25 36 38 13 
I2 59 25 36 38 13 
15 39 24 4 33 41 
19 81 40 37 6093 

5 7  15 1 24.5 
5 1  15 1 24.5 

064 0 88 1 12 
6 56 9 4  12 l4 
6.56 
6% 
6% 
6 56 
6 56 
6% 
064 
064 
064 
064 
064 
064 
064 

12 b 
12 59 
12 59 
12 59 
12 59 
19 81 
19 81 

5 7  
5 1  
5 7  

94 
9 4  
94  
9 4  
9 4  
9 4  

0 88 
0 88 
088 
0 88 
0 88 
0 88 
088 

2.5 36 
25.36 
25.36 
25.36 
2536 
40 37 
40.31 
15 1 
IS 1 
IS 1 

I2 l4 
12 24 
12.24 
12 24 
12 l4 
I2 24 
112 
112 
112 
112 
1 12 
1 I2 
1 12 

38 13 
38 13 
38 13 
38 13 
6093 
6093 
w 
24.5 
w 

38 13 

2.5 36 38 13 
O R 8  112 

6.36 94 I2 24 
19 81 40.37 1 



Table 4 5 

~~ 

151196 2262673 
2689770 
2695013 
2262631 
5068976 
2262638 
2689784 
3671054 
3671058 
2695034 
3671536 
2262659 
2642403 
3671214 
3671527 
5069652 
501 1953 
2262694 
2253001 
2262687 
5069644 
3671043 
3671042 
3671409 
2695027 
3671406 

3671407 
3671211 
3671533 
3671210 
506%36 
501 1945 
2252994 
5017732 
5186001 
3671535 
3671041 

3671052 
3671206 
5186041 
3671408 
506%68 
3671047 
3671053 
5069660 
3671537 
3671410 
3611525 
3671531 
3671046 
5112058 
2252987 

4954843 
2253015 
5112050 
2642382 
3671524 
2253022 
5185985 
5068968 

226m80 

soin26 

2262652 

50592 
58693 
58593 
501192 
57594 
50892 
58693 
59793 
61293 
58593 
61293 
50792 
58393 
59593 
59593 
56694 
56694 
50692 
50692 
50992 
56694 
59293 
59293 
63193 
58593 
a0993 
50992 
61093 
59593 
58893 
59493 
56694 
56694 
50592 
57594 
59494 
59293 
59293 
57594 
59793 
59193 
59894 
63193 
56694 
59393 
59793 
56694 
59793 
63193 
58593 
59493 
59393 
58294 
50692 
50792 
58294 
50392 
57594 
58693 
59393 
50392 
57094 
58494 

BH50138AS 
BHSM49AS 
BH50347AS 
BIuo123AS 
BHOOO82AS 
BHSOlZlAS 
BWO405AS 
BH5WAS 
BIUOSOSAS 
BH504MAS 
BH50508AS 
BH50105AS 
BIuo343AS 
BH50554AS 
BIuoSOAS 
BHOOO%AS 
BHOO122AS 
BHSOO87AS 
BH50088AS 
BHS0140AS 
BHO0095A.S 
BH50441AS 
BH5WAS 
BH50617AS 
BHS0403AS 
BW0588AS 
BH50139AS 
BH50603AS 
BH5055US 
BHso644AS 
BHSO522AS 
BHOOlllAS 
BHOOl13AS 
BHS0066A.S 
BHOOlZlAS 
BHOO152AS 
BH50444A.S 
BH50439AS 
BHOOOSAS 
BHso484As 
BHso457AS 
BHOOl64AS 
BH50616AS 
BHooll2AS 
BHSO477AS 
BfI50485AS 
BHOOO98AS 
BHSO488AS 
BH50618AS 
BHSO427AS 
BHSOSXAS 
BIU0476AS 
BHOOO50AS 
BHS0089AS 
BH50104AS 
BHOOO50AS 
BH50016AS 
BH00047AS 
BH50417AS 
B H W A S  
BHSOOlSAS 
BHOO147AS 
BHOOO7lAS 

12 195 U233234 
0-6 U233234 
8 1 6  U233234 

60-120 U233234 
(T-6 m 3 2 3 4  

255 295 U233234 
133 153 U233234 
6 1 0 6  U233234 

125 181 U233234 
u 2  U233234 

u 1 0  U233234 
(1-6 u233234 

144 164 E93234 
l72 u233234 

00-60 u233234 
430-1500 LIZ3234 

u-6 U233234 
6 1 2  U233234 
W16 U233234 
0040 u233234 
l Y l 8 9  U233234 
6 1 2  U233234 
6 1 2  u233234 

6 1 2 5  U233234 
0% vu3234 
6 1 2  U233234 
6 1 3  U233234 
u-6 u233234 
(12 m 3 2 3 4  

129178  u233234 
00-350 u233234 

430-1500 U2337.34 
U32 U233234 

240-1050 U233234 
00-59 u233234 

(T2 U233234 
u-6 u233234 

180-230 LE43234 
u 7 3  u233234 
Y 8  u233234 

199-319 U233234 
U-G u233234 

00-410 m 3 2 3 4  
6 8  U233234 

53 113 u233234 
60-100 U233234 
a2 u233234 

1220 u233234 
u 2  U233234 
4 2 u233234 
u-6 U233234 

00-40 u233234 
0'14 U233234 
0% u233234 

00-40 u233234 
2530 m 3 2 3 4  
00-63 u233234 
6 1 2  u233234 
u 2  u233234 

1824 u233234 
00-400 U233234 
60-93 U233234 

1645 
1641 

1 6  
151 
13 
1 5  

14974 
14867 
1 434 

14322 
1 4  
1 4  

13878 
13299 
1322 
132 
1 3  
1 3  
1 3  

1286 
1.2769 
1.2688 
1.254 
1.252 

12378 
11 

11888 
118155 
11507 
11312 
1118 
1108 

1 1  
1 098 
1094 
1 089 

1088s 
1 087 

10815 

1074 
1 074 
1 073 

1 0705 
1 0659 
1 063 

1 0586 
10381 
10261 
10234 
10051 
1005 

1 
1 

09946 
098 

0 9612 
0% 

0 9536 
0 91 

0 8814 
0 87 

ionis 

B 

B 

B 
B 

B 
B 

B 

B 

B 

B 

B 

0021 A 
0045962 v 

002 A 

0016 A 
001 A 

00301 Y 
00544 Y 

0058313 V 
00261 Y 

002 A 
0015 A 

00177 Y 
o m  Y 
00157 V 
00251 v 
0016 A 
0013 A 
0044 A 

00179 v 
00212 Y 
00227 Y 
00391 Y 

0084029 v 
00216 Y 
0027 A 
00465 Y 
0022 Y 

002.43 Y 
om Y 
00178 V 
0046s v 
0015 A 

00164 v 
00241 V 
00363 Y 
0028 Y 

0.0143 v 
00257 Y 
00234 Y 
00166 v 
00221 Y 
00216 V 
00179 Y 
om Y 
00139 V 
00569 Y 

00543 Y 
0022 Y 

00233 Y 
00244 v 
0046 A 
0012 A 

00452 v 
0026 A 

00174 V 
0042 A 
om2 Y 
0015 A 

0.0328 v 
002 Y 

om Y 

oms2 Y 

2425815 51092 BW0153AS u4 m 3 2 3 4  084 0 1  A 

0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
o 779 
o 779 
o n g  
0779 

1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 

2643 
2.643 
2.643 
2.643 
2643 
2.643 
2.643 
2.643 
2643 
2643 
2643 
2643 
2.643 
2643 
2.643 
2643 
2643 
2643 
2.643 
2643 
2643 
2.643 
2.643 
2.643 
2.643 
2643 
2.643 
2.643 
2643 
2643 
2.643 
2.643 
2.643 
2.643 
2.643 
2 643 
2.643 
2.643 
2643 
2.643 
2643 
2.643 
2.643 
2.643 
2.643 
2.643 
2.643 
2.643 
2643 
2.643 
2.643 
2643 
2.643 
2643 
2.643 
2.643 
2643 
2643 
2.643 
2.643 
2643 
2.643 



J D L a a t l o n  ya L r t d  ClnuMEant P a K  QdiIbr L b i t  valid 
5068975 57594 BHW78AS 00-60 U233234 0 82 002 Y 

00227 V 5112074 58794 BHW54AS 00-24 U233234 08117 
2425823 51092 BH50154AS u12 m 3 2 3 4  0 81 004 A 

00312 V 4954842 57994 BHooo41As 00-63 U233234 0 7816 
2262602 50492 BHM037AS u-6 In35 0068 J 0033 A - 

b 

D 

3671543 58593 
2642374 58693 
2262686 50992 
2695035 58593 
3671078 59793 
3671551 58893 
3671415 61093 
3671234 59493 
2253056 50592 
5068984 58494 
2253035 50392 
506%53 56694 
2252993 50592 
3335594 58393 
5017733 57594 
5186042 59894 
2642402 58393 
3671416 63193 
3671235 59593 
5011954 56694 
5185994 57094 
5112075 58794 
495455 50694 
3671555 59793 
2262644 50892 
3671067 55293 
2253042 50392 
3671549 59493 
5- 56894 
2642381 58693 
5012727 57594 
5068993 57594 
5011946 56694 
4954856 58794 
2425816 51092 
5186026 59494 
5112051 57994 
3671542 59393 
3671071 59393 
506%45 56694 
5185986 57094 
3671230 59193 
506%37 56694 
2262679 50992 
2262609 50492 
2425824 51092 
5186034 59894 
3671553 59293 
2253000 50692 

2262616 50492 
4954854 58294 
5186018 59494 
2695028 58593 
3671066 59293 
5069661 56694 
3671089 59293 
2262650 50792 
2262678 50992 

soin35 57594 

BH50427AS 
BHSO348AS 
BHSO14OAS 
BHSO404AS 
BHS0486AS 
BH50644AS 
BH30603AS 
BHSM22AS 
BK5OM3AS 
BHOM)68AS 
BH50013AS 
BHOOO%AS 
B"x)6MS 
BH50418AS 
BHOOl2lAS 
BH00164AS 
BH50343AS 
BIuo616AS 
BH50552AS 
BHOOl22AS 
BH0014US 
B"X54AS 
BHOOOSUS 
BHSO488AS 
BHSOlPAS 
BH50441AS 
BHXW12AS 
BHlOS24AS 
BHOOll2AS 
BIU0417AS 
BHOOO8SAS 
BWwK)W 
BH00113AS 
BHOOOS4AS 
BHS0153AS 
BHOO16oAS 
BHOOO47AS 
BHM465AS 
BHSOQTIAS 
BHooo9sAS 
BHOO147AS 
BH50457AS 
BHOOlllAS 
BHlO139AS 
BHM038AS 
BH50154AS 
BHool62AS 
Bwo444AS 
BHSOOSBAS 
BHW86AS 
BW0039AS 
BHCCO50AS 
BHOOlS9AS 
BHWCBAS 
BHso44oAS 
BH00098AS 
BH50439AS 
BHSOlDQAS 
BH50139AS 

w2 U23s 
u-6 u235 
U 16 U235 

125 181 U235 
133 153 U235 

u 2  U235 
6 1 3  U235 

129 178 U235 
6 1 2  U235 

00-60 U235 
6'12 U235 

00-60 U235 
U32 U235 

195 215 U235 
240-1OSO UZ35 
199-319 u235 

u-6 u235 
u-6 U235 
u-6 U235 

430-1500 u235 
00-400 U235 
00-24 U235 
00-29 u235 

(r2 U23s 
6 1 2  U235 

1 2 1 8 1  u235 
(14.5 u23s 
4 2  U235 

OM10 u235 
6 1 2  u235 

180-230 U235 
60-120 U235 

430-1500 U235 
00-24 U235 
u.6 u235 

119-179 U235 
00-63 U235 

u 2  u235 
68 U235 
00-60 U235 
00-400 u u 5  

2 8  u235 
00-350 U235 

6 1 2  U235 
6'12 u235 
u12 U235 

179-199 U235 
(Y2 u235 
6'12 u235 

240-600 U235 
12 18 ms 
O M 0  u235 

119-179 Vu5 
6'125 u235 
6 12 U235 

60-100 U235 
u-6 U238 
U-6 U238 
6 1 2  U238 

00662 
0066 
0064 

00638 
00632 
0.0627 
00626 
0 0622 
0061 
006 
0 058 

0.05681 
0 055 
0 054 

0 05395 
0 o m 1  

0 05 
00499 

004975 
om971 
00494 

001931 
00491 
0 0477 
0 047 

00462 
0046 
00449 
0 0427 
0 041 

o m 1  
004 

0 03948 
0 038 
0 037 

003697 
00369 
00367 
00365 

003605 
0 03358 
0.0324 

003215 
0.032 
om1 
0029 

0 02872 
0 0283 
0 028 

0 02745 
0 027 
00164 

0 02591 
0 02501 
0 0247 

002267 
11067 

1 1  
1 1  .. 

J 
J 

J 

J 

J 
U 

J 

J 

I 

J 

U 

J 

J 
J 
J 

J 

U 

J 

B 
B 

0030s Y 
0039 A 
0028 A 

0048526 v 
00186 Y 
00243 Y 
00243 Y 
00176 Y 
0022 A 
001 Y 

0028 A 
00179 v 
0015 A 

0.2 A 
00124 V 
om v 

004 A 
00175 Y 
00174 Y 
00215 V 
0.0464 v 
OD227 V 
OLK3l1 A 
0032 Y 
002 A 

00213 Y 
0013 A 

00221 Y 
00175 V 
OM A 

00186 v 
002 Y 

00293 v 
00349 A 

0 1  A 
00119 v 

om Y 
00179 Y 
00251 v 
OM83 v 
0016 Y 

00178 v 
0027 A 
0024 A 
0.02 A 

o m  v 
0019 Y 
0021 A 
0023 v 
0034 A 
00277 v 

000701 V 
0062254 V 
00228 Y 
0.0169 v 
00242 Y 
0005 A 
0027 A 

a m  v 

3335595 58393 BHSO418AS 195 215 U238 I 1  02 A 

0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0 022 
0022 
0022 
0022 

0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0.022 
0022 
O m !  
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0 022 
0 022 
om2 
0 022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0012 
0022 
0 022 
0022 
0022 
0 733 
0 733 
0 733 

oon 

~ 0068 
0068 
0068 
0.068 
0068 
0068 
0068 
0068 
0068 
0 068 
0068 
0068 
0 068 
0068 
O W  
0068 
0068 
0068 
0068 
0068 
0068 
0068 
0068 
0 068 
0068 
0068 
0 068 
0068 
0068 
0 068 
O W  
0068 
0 068 
0068 
0 068 
0068 
0068 
0068 
0068 
0068 
0068 
0068 
0068 
0066 
0 068 
0- 
0068 
0068 
O M 8  
0066 
0068 
OW 
0068 
0 068 
0 068 
OM8 
1109  
1109 
1109 

0 114 
0 114 
0j14 

0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 I14 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 I14 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
1455 
1485 
1- 

0779 1711 2643 3 

711 260 3 
o n 9  1711 2 6 0  3 



Table 4-5 (Contmued) 
w- Q s.mple D w  R d t  RIparinl 

mt I D L O a h o  NO. M Camhtumt m P C E  QdMle r  Lbit V& 
3671254 59193 BHso457As 2 8  u238 1 0743 0016 Y 

1861 
1.k1 

1.861 
1.861 

1861 
1161 
1 a61 
1 a61 
1 K1 
l.Kl 
1(61 

1361 
1a61 
1.k1 
1 861 
1.861 
1 M  
1.861 
1.k1 
l.Kl 
1.861 
1 861 
1 Kl 
1.861 

1k1 

1 861 

1 mt 

1 mi 

5185595 
3671091 
4954865 
5112060 
5011947 

5185987 
5186043 

soin34 

57094 
59293 
58294 
58294 
56694 
57594 
57094 
59894 

BHOO148AS 
BHSO441AS 
BHOOOSOAS 
BHOOOSOAS 
BH00113AS 
BH0012lAS 
BHOO147AS 
BH00164AS 

00-400 
12 189 
00-40 
00-40 

43 0-150 0 
24 0-105 0 
00-400 
199-319 

u238 
u238 
u238 
u238 
u238 
u238 
v u 8  
u238 

105 
1 0343 
1 0285 
1026 
1 024 
1006 
1003 
1003 

O W  
0 0213 
00277 
0016 

0 0357 
000702 
0.0328 
OM86 

2253013 50392 BHSOO16AS 2530 u238 1 B  0016 A 
~ 6 2 6 1 5  sm BH50039A.S 12 18 u238 1 B  O O P  A 
3671101 
3671258 
3671426 
3671561 
3671560 
3671094 
2253048 
2253062 
506%62 
2262622 
5069oOo 
5112052 
2425825 
3671100 
2253069 
2425817 
3671095 
2253076 
5112076 
5186011 
4954866 
4954867 
2262601 
5069007 
W3041 
5068999 
2262608 
5112068 

D 

59793 BHM48SAS 
59493 BHSOSZUS 
63193 BHSO618AS 
58593 BHSW27AS 
59393 BHM46SAS 
59393 BHS0476AS 
50592 BH50062AS 
50592 BHS0064AS 
56694 BH00098AS 
50492 BHSWAS 
58494 BHOOO71AS 
57994 BHooW7AS 
51092 BHSOl54AS 
59793 BH50484A.S 
50592 BHS006SAS 
51092 BHSOlS3AS 
59393 BHSO477AS 
50492 BHS0041AS 
58794 BHOOOS4AS 
59494 BHOO 155A.S 
58694 BHOOO52AS 
58794 BHOOO54AS 
50492 B"xn7AS 
57594 BHOOO78AS 
50392 BHMol2AS 
58494 BHooo68AS 
50492 BHSOO38AS 
58694 BHOOOSZAS 

53 113 
129' 17 8 

12 20 
w2 
w2 
W-6 
W-6 

12 18 
60-100 
18 24 
6 0-95 
00-63 
w 12 
w 7 3  
18 24 

W-6 
68 

w 38 
00-24 
59-119 
0 0-29 
00-24 

(1-6 
00-60 
04.5 
00-60 
6 12 

00-29 

099695 
09901 
0 9872 
0 9806 
0%21 
09601 
096 
0% 

0 9555 
094 
0 91 

0 8997 
0 87 
0868 
086 
086 
0854 
084 

0 8314 
0 8124 
08072 
08068 

0 8  
0 8  

079 
079 
0 76 

0 7421 

om Y 
00176 Y 
00198 Y 
om Y 
o m  Y 
00185 Y 

B 0024 A 
B 0019 A 

00118 v 
B 0011 A 

002 Y 
00174 V 

002 A 
om Y 

B Om A 
0 1  A 

0.0179 Y 
B 0.013 A 

0.0195 v 
0.0187 v 
O M 0 1  A 
00349 A 

B OW3 A 
001 Y 

B 0013 A 
001 Y 

B 0014 A 
00265 v 
o m  v 
0.017 A 

5186035 59894 BH00162AS 179-199 u238 0 7367 
33 1 2550476 56493 BHS0219AS w-6 u233234 1.5 B 

2525792 
2439080 
2439108 
2550469 
2525785 
3671045 
2439087 
3335579 
2439094 
2439101 
2550468 
2439079 
3671068 
2525800 
3671069 
2525801 
2439085 
2439106 
2439LW2 
3335581 
2439099 

56293 
56193 
56193 
56493 
56293 
58w3 
56193 
58893 
56193 
56193 
56493 
56193 
58893 
56293 
58893 
56293 
56193 
56193 
56193 
58893 
56193 

BHSOZWS 
BIU0176AS 
BH50304AS 
BHSOZ20AS 
BHSOZlOAS 
BHS0459AS 
BHSOlnAS 
BHS0646AS 
BHS0178AS 
BH50303AS 
BHSO2BAS 
BHSO176AS 
BHS0458AS 
BHSOZO7AS 
BHSWAS 
BH502O7AS 
BHSOl77AS 
BHSO304AS 
BHso178AS 
BHSO646AS 
BH50303A.S 

W-6 
U Z  

18 25 
w2 
a 2  
6 12 
W-6 
w2 

6114  
12 18 
w2 
w2 
u-6 
6 10 
6 12 
6 1W 
W 4  

I8 25 
6114  
w2 

12 18 

u233234 
m3u4 
u233234 
u233234 
m 3 2 3 4  
u233234 
u233234 
u233234 
u233234 
u233234 
u235 
u235 
u235 
u23S 
u235 
u238 
u238 
v u 8  
u238 
ma 
u238 

1 441 
11 
1 

095 
09302 
09009 

0 89 
088 
0 8  

079 
0068 
0 054 

00366 
0 03042 
00223 
11085 

11 
11 
11 
097 
0 91 

OM2 A 
B 0011 A 
B 001 A 
B 0019 A 

0037 A 
0024 Y 

B O M 1  A 
02 A 

B 0013 A 
B 0.017 A 
J 0019 A 
J 0011 A 

00207 Y 
J 0043 A 

00164 Y 
0057 A 

B 0.021 A 
B 001 A 

0022 A B 
02 A 

0053 A B 
2550460 56193 BHSO3OSAS 2330 u238 082 B 0015 A 

w2 u233234 1 625 0116367 A 
0013 A 2522237 57293 BMOZSlAS u 2  m 3 2 3 4  

5333 2625468 57193 BIU0246AS 
16 B 

Mvll X i 1  XI1 XIS 
0733 1109 1485 1361 
0733 1109 1485 

0733 1109 1485 1.K 

0733 1109 1.485 1 
0733 1109 1.485 1.86 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 

1109 
1109 
1 109 
1109 
1109 
1109 
1109 
1 109 
1109 
1109 
1109 
1109 
1109 
1109 
1 109 
1109 
1 109 
1 109 
1 109 
1 109 
1 109 
1 109 
1109 
1 109 
1109 
1109 
1109 
1 109 

1485 
1485 
1.485 
1485 
1485 
1485 
1485 
1485 
1485 
1.485 
1.485 
1485 
1485 
1- 
1485 
1.485 
1485 
1485 
1.4U 
1.485 
1485 
1485 
1485 
1485 
1485 
1485 
1.485 
1485 

0733 1109 1485 1 
0779 1711 2.643 3 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0022 
0022 
O M 2  
0022 
0022 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 

1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
O M 8  
0 068 
0066 
0068 
0068 
1109 
1 109 
1 109 
1 109 
1109 
1109 

2.643 
2.643 
2.643 
2.643 
2.643 
2643 
2.643 
2.643 
2.643 
2.643 
0 114 
0 114 
0 114 
0 114 
0 114 
1485 
1485 
1485 
148S 
1.485 
1485 

0733 1109 1485 1 
0779 1711 2.643 3 
0779 1711 2.643 3 



Table 4 5 (Conhnued) 
seclucn sllmpl Dcptb Racllt 

IHSSlSt ID Loati No. Iatal cowbhlent p a K ; Q t n l m c p  uldt V d  
2522258 57293 BIUOZS4AS 12 18 m 3 2 3 4  1 6  B 0017 A 
2550609 
2625475 
2467547 
2522286 
2522307 
2522314 
2522293 
3670886 
2465693 
2522265 
2550616 
2467542 
3671538 

57493 
57193 
56993 
57393 
57393 
57393 
57393 
58793 
57593 
57293 
57493 
57093 
58793 

BIU0?61AS 
BHS0247AS 
BM0202AS 
BHsozslAS 
BHM26oAS 
BHUn91AS 
BH50258AS 
BHU)406AS 
Bwo299AS 
BHSO2SSAS 
BIuo262AS 
BH50242AS 
BHsO64sA.S 

u2  
W 55 
0.1 14 
W-6.6 

161 241 
221 261 
4 6  121 

u-6.1 
W-6 
w26 

W-6 
W-6 
u 2  

u233234 
m 3 2 3 4  
u233234 
u233234 
m 3 2 3 4  
u233234 
u233234 
u233234 
m 3 2 3 4  
m 3 2 3 4  
u233234 
u233234 
m 3 2 3 4  

1 5  B 
1499 
148 
1 4  B 
1 4  B 
1 4  B 
1 4  B 

1 3  B 
1.2 B 
1 2  B 

13926 

118 
11409 

0 014 
0066429 

0 033 
0029 
0012 
0 014 
0013 
00284 
0 047 
0022 
0039 

0 
00314 

A 
A 
V 
A 
A 
A 
A 
Y 
A 
A 
A 
V 
Y 

3670887 58793 BIU0407AS 6.1 12 u233234 11229 00285 Y 
2467543 57093 BIuo24lAS w 2  u233234 0013 V 111 
2625489 
2522300 
2550455 
2465686 
2465714 
2465700 
2624779 
2525820 
3670889 
2522279 
3670890 
3670888 
2465707 
2467541 
2467546 
2525813 
2467537 
2467506 
2465706 
2522236 
2467514 
2467507 
2467515 
2525821 
2625476 
3670913 
2522250 
3671556 
3670912 
2522264 
367091 1 
2467517 
2467504 
2522299 
2550608 
2467513 
3670910 
3670914 
2522278 
2465699 
2467510 
2550628 
2467564 
2550614 
2465712 
2465684 

2525822 
2522277 

57193 
57393 
57493 
57593 
57593 
57593 
56893 
56893 
58793 
57393 
58793 
58793 
57593 
57093 
56993 
56893 
57093 
56593 
57593 
57293 
57093 
56993 
57093 
56893 
57193 
58793 
57293 
58793 
58793 
57293 

56993 
56993 
57393 
57493 
57093 
58793 
58793 
57393 
57593 
57093 
57493 
57093 
57493 
57593 
57593 
57393 
56853 

58793 

BHSOZSOAS 
BH50259AS 
BHS026SAS 
BH50298AS 
BH5030lAS 
BW0300AS 
BHSO236AS 
BHUn40AS 
BZU0409AS 
BHSO256AS 
BHSOIlOAS 
BHS0408AS 
B"n94AS 
BH50243AS 
BW199AS 
BHS0239AS 
BHSM76AS 
BHS020US 
BHSOZWAS 
BHSO2SlA.5 
BHS024SAS 
BH50204AS 
BHS0243AS 
BH5024OAS 
BHSM47AS 
BHSWAS 
BHS0253AS 
BH5064SAS 
BHS040BAS 
BHSOZSSAS 
BH50407A.5 
BHS0203AS 
BHSO198AS 
BHU)2S9AS 
BH50261AS 
BHSO276AS 
BHSWAS 
BHS0410AS 
BH50256AS 
BH50300AS 
BHS0275AS 
BH50264AS 
BtU0241AS 
BHS0262AS 
BHS0301AS 
BHSO298AS 
BHSO256AS 
B"n4oAS 

r i 3  mi3234 
102 181 u233234 

18 20 u233234 
u 2  u233234 

12 14 u233234 
6 1 2  u233234 
u 2  u233234 

143 203 U233234 
18 24 LIZ33234 

24284 u233234 
12 18 u233234 
6 1 2  W3234 

6 1 2 3  u233234 
u-4 u233234 

307'361 u233234 
8 1  14 u235 
6 1 2  ms 
u 2  u235 

(12 ~233234 

a3 143 ~233234 

l a 6  24 u23s 
z o r 2 6 ~  u23s 
6123 U235 

143 203 u235 
wss u235 
18 24 U235 
6 1 2  u235 
02 u23s 

12 18 u235 
2026 UUS 
6.1 12 u235 

143 207 u235 
0 2  u235 

102 181 u235 
u 2  u235 

u-6.1 u235 
24284 U235 

0 2  u235 
6 1 2  u235 

24307 u235 
12 18 u238 
e2 ma 
w-6 u238 

12 14 u238 
w2 u238 
(Y2 u238 

143 203 u238 

307'361 u23s 

1107 
1 1  
1 1  
1 1  
1 1  
1 1  

1 m 9 5  
1009 

1 

0 9751 
0 97 

0 9% 
0 932 

09233 
0803 

o w 1  
0 061 
006 

0 0524 
0 0502 
00481 

0046647 
004503 
0045 
0044 
0044 

00431 
0 042 

00389 
0 0374 
0 0367 
0 034 
0 034 

0 0334 
0 0317 
0 0291 
0 029 
0 028 

0 0279 
1 1  

103 
1 
1 

0 98 
0 97 

0 -75 

1 on 

o 9837 

B 
B 
B 
B 
B 

B 

B 

J 
BJ 

J 

BJ 

BJ 

BJ 
J 

BJ 
U 

B 

B 
B 
B 
B 

OO96004 A 
0014 A 
0017 A 
0041 A 
001 A 

0.014 A 
O W 7 7  A 

0044 A 
00285 Y 
0012 A 

00178 Y 
00176 Y 
0014 A 
0614 V 
OD26 A 
0046 A 
0013 V 
0023 v 
0.036 A 
0022 A 
0013 V 

o v  
o v  

0044 A 
00611914 A 

00195 Y 
0012 A 
om Y 

00177 Y 
0034 A 

00195 Y 
o v  
o v  

0.014 A 
0014 A 
0013 V 

00194 Y 
00179 Y 
0012 A 
0044 A 

o v  
0016 A 

o v  
0071 A 

001 A 
0016 A 
0012 A 
0057 A 

3670936 58793 BHS0408AS 12 18 u238 09464 o m  Y 

-. A- L -  & 

o n 9  1711 2643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 

0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 

o n 9  1711 zm 

0779 1711 2.643 3 
0779 1711 2.643 3 
0779 
0779 
0 779 
0779 
0779 
0779 
0779 

0779 
0779 
0779 

0 779 
0779 
0779 
0779 
0779 
0.022 
0022 
0022 
0 022 
0022 
0 022 
0022 
0 022 
0022 
0022 
0 022 
0 022 
0 022 
0 022 
0 022 
0 022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 

o ng 

o n g  

1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
1711 
0.068 
0068 
0.068 
0 068 
0068 
0 068 
0068 
0 068 
0 068 
0068 
0068 
0068 
0068 
0068 
00611 
O M 8  
0.068 
0068 
0068 
0.068 
0068 
0068 
0068 
0068 
1109 
1 109 
1109 
1 109 
1109 
1 109 
1109 

2.643 
2.643 
2.643 
2.643 
2.643 
2.643 
2643 
2.643 
2.643 
2.643 
2.643 
2643 
2.643 
2.643 
2.643 
2.643 
2.643 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
1 M  
1485 
1485 
1485 
1485 
1485 
1485 



Table 4-5 (Contmued) 
. -  

IHSSlSt I D L o a t l w  No hrml Colutitoet PCIEG Qluuaa w valid 
3670938 58793 BHWlOAS 242114 u238 09037 00179 Y 
2550621 57493 BH50263AS 612  u238 082 B 0024 A 
2467549 56993 BHSO198AS u 2  u238 o m 0014 V 

333 2439129 56593 BHSOUlAS w2 u233234 1 6  B 006 A 
3671220 
2439115 
3671215 
2550490 
3671218 
2439143 
2439122 
2439136 
3335586 
3671224 
2550504 
3671221 
3671222 
3335607 
3671056 

63093 
56693 
59693 
56793 
59693 
56593 
56693 
56593 
61393 
61493 
56793 
61393 
61393 
61493 
61193 

BHSO559AS 
BHS0226AS 
BHSOSAS 
BH50233AS 
BHSOSS7AS 
BH50223AS 
BHSO227AS 
B")222AS 
BH%SOAS 
BH50583AS 
BHS0232AS 
BHSOSmAS 
BHSO576AS 
BHS0651AS 
BHSO503AS 

15 20 
u 2  
U-6 
6 12 
6 12 
6 12 
U-6 
0-6 
w2 
u 85  
0% 
u-6 
u 10 
u 2  
6 10 

u233234 
u233234 
u233234 
u233234 
u233234 
u233234 
u233234 
u233234 
u233234 
m 3 2 3 4  
u233234 
u233234 
u233234 
u233234 
u233234 

15392 
1 4  

13268 
13 

12384 
12  
12  
11 
1 

0 9959 
099 

0 98865 
09853 

0 93 
0 8%35 

0 0478 
B 0011 

00245 
B 0 027 

0 0282 
B 0 11 
B 0 035 
B 0011 

0 1  
00291 

B 0 016 
00219 
00178 

0.2 
0 0165 

Y 
A 
Y 
A 
Y 
A 
A 
A 
A 
Y 
A 
Y 
Y 
A 
Y 

2625482 56593 BHUn24AS 13 17 u233234 0 8024 0062641 A 

3671225 61493 BHSOSUAS 85 159 u233234 0 7885 om Y 
2550503 
3671239 
3671249 
3671245 
3671248 
2439121 
3671080 
3671250 
3671243 
3671244 
2550486 
2625483 
3335588 
3335609 
3671266 
3671270 
2625484 
3671104 
3671268 
3671273 
3671267 

B 

56793 
5%93 
61493 
61393 
61493 
56693 
61193 
61493 
59693 
63093 
56793 
56593 
61393 
61493 
59693 
61393 
56593 
61193 
63093 
61493 
59693 

BH50232AS 
BHSOs56AS 
BHSOSUAS 
BwO57OA.S 
BHSOS83AS 
BHsOznAS 
BH50503AS 
BHSO584AS 
BHSOSS8AS 
BHSO559AS 
BHsM34AS 
BH50224AS 
BHSO65OAS 
BHS651AS 
BH505S7AS 
BHSO576AS 
BH50224AS 
BHSOM3AS 
BHSW59AS 
BHSO585AS 
BHSO558AS 

u-6 
u-6 

85 159 
us 

u 85 
U-6 
6 10 

55 135 
15 155 
15 2u 
1(Y 12 

a 2  
u 2  
6 12 
a 10 
13 17 
6 10 
15 20 

85 159 
15 155 

13 ir 

u235 
u235 
u235 
m 5  
u235 
u235 
u235 
W235 
LIZ35 
u235 
u235 
m 5  
u238 
u238 
u238 
u238 
u238 
u238 
u238 
u238 
v u 8  

0 058 
0 0547 
0 0529 
0.04% 

004935 
0048 

0 0438 
0 0399 
0 0388 

0 03265 
003 

0 02713 
1 1  
11 

10966 
10892 
1034 

0 9435 
0522 

0 9084 
0 80475 

J 0016 A 
00195 Y 
o m 5  Y 
00174 Y 
00179 Y 

J 0013 A 
00165 Y 
00106 Y 
00226 Y 
o m  Y 

J 0023 A 
J 0.066717 A 

0 1  A 
0 1  A 

oms3 Y 
00178 Y 

0043704 A 
00165 Y 
00293 Y 
oo## Y 
00226 Y 

2550485 56793 BHSUZ34A.5 10 12 u238 079 B OU23 A 
0032 A 33.4 2525869 55993 BW162AS u 2  m 3 2 3 4  1.6 

2439059 55593 B m 5 9 A . S  12 18 U233234 
2439073 55593 BHSOO83AS 2426 vu3234 
2653841 55793 BHSOMlAS u-6 u233234 
2522230 55593 BHSOS7AS 0-6 m 3 2 3 4  
2439052 55593 BHSOO58AS 612  u233234 
2439066 55593 BIU008US 18 24 U233234 
3671529 59093 BIIso648AS (Y2 vu3234 
2653774 55693 BHSOlOlAS 6 1 2  IJZ33234 
2525771 55893 BHSO14lAS u 2  u233234 
2653855 55693 BH50113AS 18'245 u233234 
2525778 55893 BHSO149AS u-6 u233234 
2525764 55993 BHSOl87A.S 93 15 U233234 
3671040 59093 B"413AS 12163 Vu3234 
2653781 55693 BHSOlOZAS 12 18 u233234 
26953% 58093 BHW313AS u 2  u233234 
2653862 55793 BHS0310AS 18 4 22 4 uU3234 
3671039 59093 BHS0412AS 612  u233234 
2653869 55793 BHS0309AS 124 184 u233234 
2439065 55593 BHso82AS 18 24 u235 
2525856 56093 BHMnlAS Y 8  Vu5 
3671062 59093 BHS0411AS u-6 u235 

D 

15 B 002 A 
15 B 0018 A 

1484 OO70402 A 
0012 A 1 4  B 

1 4  B 0048 A 
13 B 0019 A 

1.2966 om Y 
1246 0068371 A 

0045 A 1.242 
123 Oosdos A 

1138 0045 A 
112 0029 A 

1 0768 om Y 
1013 0039622 A 
0 %2 0034 A 

09452 0152185 A 
0 8874 o m  Y 
08694 0134509 A 
0068 J 0019 A 
0 068 0037 A 
00679 0.0187 Y 

M- X = l  XIZ X d  
0733 1109 1485 1 
0733 1109 1485 18611 
0733 1109 1485 1 
0779 1711 2.643 3 
0779 1711 2643 3 5  
0779 1711 2.643 
0779 1711 2.663 
0779 1711 2643 
0779 1711 2.643 
0779 1711 2643 
0779 1711 2.643 
0779 1711 2643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
o m  1711 2643 
0779 1711 2643 3 
0779 1711 2643 3 
0022 
0022 
0022 
0022 
0022 
OOZZ 
O W  
OOZZ 
0022 
0022 
0022 
OOZZ 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 

0 068 
0068 
0068 
0068 
0068 
0068 
0 068 
0068 
0068 
0068 
0068 
0068 
1109 
1 109 
1109 
1109 
1109 
1 109 
1109 
1 109 
1109 

0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
148S 
1A85 
1485 
148S 
148.5 
148.5 
1485 
1485 
1485 

0733 1109 1485 1 
0779 1711 2.643 357 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 1.643 
0779 1711 2,643 
0779 1711 2643 
0779 1711 2.643 
0779 1711 2643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2643 
0779 1711 2.643 
077!J 1711 2.643 
0779 1711 2643 
0779 1711 2643 
0779 1711 2643 
O i l 9  1711 2643 

0779 1711 2643 
0022 0068 0114 

o m  1711 2.643 



L Table 4 5 (Conhnued) 

ID L o a t w ,  No. I a t d  Coartitnent inm Qldilh Linrir VJI 
2653768 55693 BHSOlOOAS w-6 U235 006624 J 0101381 A 
2653856 
2439058 
2695362 
2653842 
2525779 
2525772 
2525870 
2653782 
2653775 
3671064 
2525765 
2653870 
2653863 
2439072 
2525780 
2439064 
3671088 
2653871 
2653864 
3671087 

55693 
55593 
58093 
55793 
55893 
55893 
55993 
55693 
55693 
59093 
55993 
55793 
55793 
55593 
55893 
55593 
59093 
55793 
55793 
59093 

BHSOlUAS 
BHsoo59AS 
BHS0313AS 
BHS0307AS 
BHSO149AS 
BHS0141AS 
BHS0162AS 
BHSOlOZAS 
BHSOlOlAS 
BH50413AS 
BHSO167AS 
BHso309AS 
BHS0310AS 
BH50083AS 
BHS0149AS 
BIUOO82AS 
BHS0413AS 
BHSWAS 
BHS0310AS 
BIU0412AS 

1F245 u235 
12 18 ms 
u z  u235 
u-6 uus 
0-6 u235 
uz U235 
uz u235 

12 18 m5 
6 1 2  U235 

12 163 U23S 
93  15 u23s 

124 184 U235 
1 8 4 2 2 4  W5 

24 26 u23S 
u-6 u238 

1824 U238 
12 163 U238 

124 184 U238 
1 8 4 2 2 4  U238 

6 1 2  U238 

0 05969 
0 057 

0 0544 
0 05322 

0 051 
0 04773 
0 04672 
0 04228 
003611 
0 0355 

0 03232 
0 02892 
0 02519 

0025 
1107 

1 1  
10812 

1 041 
1012 
08945 

0 o w n  
0 012 
0 012 

0 0671 
0 038 
0 047 
0 032 

0039622 
0 062515 

0 0163 
0029 

0 115726 
0 122162 

0 01 
0045 
0012 

0 0163 
0 13171 

0 131379 
00174 

A 
A 
A 
A 
A 
A 
A 
A 
A 
Y 
A 
A 
A 
A 
A 
A 
Y 
A 
A 
Y 

3671086 59093 BIuwllAS w-6 u238 0 8053 ooiw Y 
335 2451950 55293 BHS0106AS u-6 u233234 17  B 0017 A 

2451936 55193 BHXWAS u-6 u233234 15 B OD15 A 
2451943 55193 BHS0099AS 6-8 U233234 13 B 0029 A 
2420060 55493 BHsoo33AS 6 1 2 4  U233234 1.23 0018 v 
2451957 55293 BHS0107AS 6l(r u233234 1 B  001 A 
2451935 55193 Bfuoo9oAS (1-6 v u 5  0053 J 0035 A 
2420028 55493 BHSOO34AS 124 193 u235 o om 001 v 
2420026 55393 BH50164AS 6 1 2  U235 00382 o v  
2420316 55393 BHSO16SAS 12'172 Vu5 0 03505 o v  
2420027 5 5 M  BH50169AS 223 302 u235 0 024 0015 v 

0018 v 2467511 55393 BHSO116AS 18.2238 U235 00236 
2451955 55293 BHS0107AS 610 U238 097 B 001 A 

13 6 2451999 54993 BIuoo4uS 6 1 0  u233234 1.5 B 0011 A 
2451978 
2451985 
2451992 
2451971 
2451964 
2451970 
2451963 
2451998 

54893 
54893 
54993 
55093 
55093 
55093 
55093 
54993 

BH50017AS 
BHsoo31AS 
BHSOMSAS 
BH50131AS 
BHS0060AS 
BHS0131AS 
BHMo6oAS 
BIU0042AS 

0-6 5 
4 4  12 

W-6 
6 132 
u-6 

6 132 
u-6 
6 10 

U233234 
U233234 
u233234 
U233234 
m 3 2 3 4  
U235 
UUS 
u235 

1 4  B 
1 4  B 
13 B 
1 1  B 

1 B  
0048 J 
0045 J 
004 BJ 

0 016 
0 012 
0 01 
002 

0026 
0.008 
0 008 
0011 

2451%2 55093 BHsoo6oAS u-6 u238 1 1  B 0032 A 
12.10 2262666 51193 BHSOl68AS WlV u233234 1 B  OW5 A 

2045287 50092 BHSOOOOAS (7148 u233234 0 8288 O A  
2262665 51193 BHSO168AS u10 U235 0065 J 0012 A 
2262664 51193 BHSO168AS u1v u238 1 1  B OW5 A 
2045289 50092 BfUOOOOAS O l 4 8  LIZ38 0 9s57 O A  

6211 2045303 50292 BHSOOOUS (rl4.5 U233234 0 88.56 O A  
'mmt R d  5112082 56194 BHOOO43AS 00-60 u233234 1014 00171 V 

00228 v 4954841 56194 B H W A S  00-60 vu3234 0 8%1 
5112083 56194 BHOOO43AS 00-60 U235 00515z o m  v 

00228 v 4954852 56194 BWOOO43AS 0 0 4 0  m5 00465 
hJ=b 3671430 64693 B m 3 8 A S  0-6 U233234 1419 00254 Y 
UQlyIY 3335628 64693 BHSO654AS 0 2  u233234 1 4  03 A 
v d l 3 3  3671433 64593 BH50634AS 0-6 u233234 13243 00183 Y 

3335621 64593 BH50653AS u2  u233234 13 02 A 
3671435 64593 BHM636AS 12 18 u233234 1.2928 00218 Y 
3671431 64693 BHM639AS 6 1 2  u233234 12445 0029 Y 
3671432 64693 BHSWAS 12 16 U233234 13145 0026 Y 
3335614 64493 BHM652AS (12 vu3234 1 3  03 A 
3671434 64593 BH5063SAS 6 1 2  u233234 11822 00313 Y 
3671436 64593 BIuo637AS 1 8 2 0  u233234 1 1003 00318 Y 

B 

M a a  X 1 X d  X d  
0022 0068 0114 0 1  
0022 0068 0114 0 
0022 0068 0114 0 
0022 0068 0114 0 
0022 0068 0114 0 
0022 0068 0114 0 
0022 O M  0114 0 
0022 0068 0114 0 
0022 0.068 0114 0 
0022 0068 0114 0 
0022 0068 0114 0 
0022 0068 0114 0 
0022 0068 0114 0 
0022 0068 0114 0 
0.022 0068 0114 1 
0733 1109 lAIs 1 1 
0733 1109 1 W  1 
0733 1109 1 W  1 
0733 1109 148S 1 
0733 1109 14U 1 
0733 1109 1AU 1 
0733 1 1 0 9  1 4 u  1 
0779 1711 2.643 3 
0779 1711 2.643 3 4  
0779 1711 2.643 3 
0779 1711 2.643 3 
0779 1711 2.643 3 
0.022 0068 0114 
0.022 0068 0114 0 

0022 0068 0114 0 
0022 0068 0114 0 
0022 0068 0114 0 

0022 o m  0114 a 

0733 1109 1AIs 1 
0779 1711 26u 3 
0779 
0779 
0779 
0779 
0779 
0022 
0022 
O m !  

1711 
1711 
1711 
1711 
1711 
O W  
0068 
o m  

2.643 
2.643 
2643 
2.643 
2.643 
0 114 
0 114 
0 114 

0733 1109 1485 1 
0779 1711 2.643 357 
0779 1711 2.643 3 

711 2.643 3 
0779 1711 2.643 3 
O X m  OW 0114 0 

0779 1711 2.&3 
0779 1711 2.643 

0779 1711 2.643 
0779 1711 2643 



Table 4-5 (Contmued) 
h m  - D@ Rcnlt R- 

IHSSlSt l D L m t b  No M Comtlhlet p(IK: Qolliacr Lhdt VIW 
3671437 64493 BIuo63oAs w-8 u233234 10744 o m  Y 
3671438 64493 BH50631AS 612 u233234 0 9867 00342 Y 

01  A 3335629 64693 B")6S4AS 0 2  u235 0067 U 
3671454 64593 BHSO636AS 12 18 u235 0 0534 00219 Y 
3671452 64593 BHSX34AS w-6 u235 00499 00184 Y 
3671457 64493 BH50631AS 612 L ! S  0 0331 00271 Y 
3671456 64493 BHS063OAS w-6 u235 00311 om8 Y 
3671453 64593 BH50635AS 612 UZ35 00269 oou8 Y 
3671450 64693 BH50639AS 612 u235 00269 00199 Y 
3335630 64693 BH50654AS w2 u238 11 01  A 
3671472 64593 BH50635AS 612 U238 1034 00248 Y 

UJ 3335600 57793 BHS0329AS w2 u233234 1 s  0 1  A 
3671526 57893 BHs(n55AS w2 m3234 1.2179 00443 Y 
2695402 57993 BH503ZOAS w-6 u233234 0866 0047 A 
3671530 57993 B H S W A S  w z  u233234 0 8516 om Y 
2695398 57793 BHS0322AS 6.3 12 U233234 0794 006 A 
3671548 57993 BHSM43A.S (rz vL35 0048 om Y 
2695358 57793 BHS0321AS U575 u235 0 0427 0012 A 
2695370 57793 BHS0323AS 122 182 u23S 0 0382 0022 A 
3671544 57893 BHS035SAS w2 u235 0 037 00303 Y 
2725144 57793 BHS0338AS 24289 u235 0 0353 0019 A 
2695359 57993 BHM3ZOAS u-6 m s  0 035 003 A 
2725145 57893 BHS0339AS (7-6 vu5 0 0321 0022 A 
2725147 57893 BHS0341AS 124 178 U235 0 0309 0021 A 
2725142 57793 ~ ~ 5 0 3 7 . 4 ~ ~  i u a 4  ~23s 002965 O.a.2 A 
2725157 57893 BHSO~W i t v z 4  v u 5  00288 OD26 A 

0021 A 2725146 57893 BH5034OAS 6124 U235 o m 9  
0021 A 2695418 57793 BHS03Z2AS 63 12 U238 106 

3 3 3 m  57793 BIu0329AS wz v u 8  1 01  A 
3671566 57993 BHS06UAS w z  vL38 0 8516 00236 Y 
2695423 57993 BHUnZOAS w-8 v u 8  0845 0024 A 

DEM 1 5362681 55194 BH-AS 60-120 vu3234 171 om2 Y 
536ni3 s m  BHOOO33AS 120-15.2 u233234 1 457 00167 Y 
5362689 55194 BH00030AS 120-161 U233234 1445 0.017 Y 
s36m97 55294 BH00031AS 00-60 vu3234 1 429 00127 Y 
536no5 ssm BHoo(nus 60-120 vu3234 125 om1 Y 
5012752 60094 BHooo89AS 00-50 U233234 0 8786 00281 v 
536ni4 ssm BHooO33AS 120-152 U235 0 05756 OD143 Y 
536m98 ssm BH00031AS 00-60 u235 0 05567 00114 Y 
5012753 60094 BHOOMWAS 00-SO U235 0 05098 00197 v 
5362106 55294 BHooo32AS 60-120 U235 0 0491 0.0172 Y 

D 

5362690 55194 BHOOO3OAS 120-161 vu5 0 0375 0.0159 Y 
DEM 2 5m86 56094 BH00039AS 120-180 u233234 123 0.0217 Y 

4954840 55894 BHooo36AS 00-60 LIB3234 1 0095 0.0238 v 
5112042 55894 BHooo36AS 00-60 u233234 0 8552 0023 v 

o m 1  v 4954851 55894 BHOOO36AS 00-60 Vu5 0 0584 
00128 v 5112043 55894 BHOOO36AS O M 0  U235 0 05301 

529~~87 56094 BHOW39AS 120-180 U235 0 03363 00186 Y 
D h l  Wl33 5068966 58894 BHooo64AS 00-27 U233234 111 001 Y 

5068998 58894 BHooo64A.S 00-27 U238 097 001 Y 
'209 2695387 57693 B"319M w-6 vu3234 103 0.042 A 

3335572 57693 BH50642AS w 2  vu3234 086 03 A 
2695356 57693 BHSO319AS w-6 u235 00659 0016 A 
3335573 57693 BHSO642AS w z  vu5 0042 u OS A 
3335574 57693 BHSO642AS w2 U238 085 01 A 

151196 3671208 59493 BWU)521AS 69129' u233234 2 6248 om1 Y 
Errcatthc8.dtgopnd Meanphnon St.adudDcrttiaabathkuthm&kgaad MarPh(.nStMd 

2642375 58693 BHIKn48AS w-s m3w 2 B  0015 A 
3671213 59593 BHSO553AS 612 ED3234 19101 00306 Y 
2262645 50892 BH50122AS 612 u233234 18  B 002 A 
2689777 58693 BHSO35OAS 195 255 U233234 18  B 0019 A 
3671057 61293 BH50504AS w-6 u233234 1 7503 oozlu Y 

0.011 A 26um6 Sam BHSO35OAS 195255 U235 011 Bl 
3671081 61293 BH50504AS w-6 v u 5  0 1051 00194 Y 

M c u  X 1  XIZ M 
0779 1711 2.643 3 
0779 1711 2643 
0022 0068 0114 
0022 0068 0114 
0022 0068 0114 
0022 0068 0114 
0022 0068 0114 
0022 OW 0114 
0022 0068 0114 
0733 1109 1485 1.86 

1711 2643 
Om 0068 0114 
0022 0068 0114 
0022 0068 0114 
0022 0068 0114 
0022 0068 0114 
0022 0068 0114 
0022 0068 0114 
0022 OW 0114 
0022 0068 0114 
0022 0068 0114 
0022 OW 0114 
0733 1109 1.465 1 
0733 1109 1,485 1 
0733 1109 1- 1.861 
0733 1109 1.465 lSl 
0779 1711 '2,643 3d 
0779 1711 '2,643 3 
0779 1711 2.643 3 
0779 1711 2.643 3 
0779 1711 2.643 
0779 1711 2643 
0.022 0068 0114 
0022 0068 0114 
0022 0068 0114 
OOZZ 0.068 0114 
0022 0.068 0114 01 

0779 1711 2.643 3 

0022 0068 0114 01  
0022 0068 0114 01  
0022 0068 0114 01  
0779 1711 2.643 3 
0733 1109 1485 1861 
o n 9  1711 2.643 3 
0779 1711 2.643 
0022 0068 0114 
0022 0068 0114 
0733 1109 1485 1.861 

0779 1711 2.643 3.441 

0779 2.643 
0779 1711 2.643 3.441 
0022 0068 0114 
0022 0068 0114 



Table 4-5 (Contmued) 
sqae ce Depth R d t  Rq#rti.l 

ID Loatw, NO. I n t d  cmdltuent pcyc Qlvliaa thdt valid 
2262693 50692 BHSOOglAS 0-6 u235 0096 J 0016 A 
2262658 
2253063 
3671414 
3671238 
3671237 
3671076 
2689783 
5068985 

2262623 
2262651 

3671545 
2695014 
2253021 
3671554 
3671418 
2262630 
5186002 
3671070 
3671417 
3671077 
2689768 
3671262 
3671572 
2695036 
2253020 
2642401 
5069008 
3671102 
3671425 
5069646 
3671563 

2262637 

m m 7 2  

B 

50792 
50592 
60993 
59593 
59593 
59793 
58693 
58494 
50892 
50492 
50792 
50992 
59593 
58593 
50392 
61293 
63193 
50892 
59494 
59393 
63193 
59793 
58693 
59593 
61293 
5- 
50392 
58393 
57594 
59793 
63193 
56694 
59593 

BHSOlOSAS 
BHsoo64AS 
BHSOSSSAS 
BHSO554AS 
BH50553AS 
B W A S  
BHM405AS 
BH00071AS 
BHSOl2lAS 
BHM040AS 
BHSO104AS 
BHSO138AS 
BHSO540AS 
BHB347AS 
BHSOOlSAS 
BHSOWAS 
BHS0618AS 
BH50173AS 
BHOO152AS 
BHSO476AS 
BHSO617AS 
BHSWBSAS 
BH50349AS 
BHSOSS4AS 
BHSOSOSAS 
B W A S  
BHMOlSAS 
BHSO343AS 
BH00082AS 
BHS048MS 
BHSO617AS 
BH0009SAS 
BHSO540AS 

w 10 
12 18 
w 4  

144 164 
6' 12 
w 7 3  

255 295 
6 0-95 

W-6 
18 24 

W-6 
(1-6 
w2 
U-6 

18 24 
(Y2 

12 20 
8 16 

00-59 
w-6 
6 12 

53 113 
12' 195 

144 164 
w2 

125 181 
18 24 
U-6 

6 0-12 0 
133 153 

6 12 
00-60 

w2 

0 091 
009 

0 088 
0 0843 
0 084 

0 0832 
0 081 
0 08 

0 079 
0 078 
0 078 
0 078 

0 0769 
0 075495 

0 074 
0 0732 
0 0724 
0 072 

0 07051 
0 07 

0 0685 
0 0683 

145 
1448 

1 4435 
1437 

1 4  
1 4  

139 
1338 

13345 
1323 

13128 

J 
J 

BJ 

J 
J 
J 
J 

J 

J 

B 

B 
B 

0006 A 
0029 A 

00216 Y 
00178 Y 
00188 Y 
00204 Y 

001 A 
002 Y 

0005 A 
0011 A 
0.005 A 
0005 A 
om1 Y 

004943 v 
0015 A 

0.0337 Y 
00198 Y 
0012 A 

00232 v 
00185 Y 
0022 Y 
00204 Y 
0021 A 

00178 Y 
00207 Y 

000526 v 
0015 A 
0015 A 
002 Y 

00186 Y 
oozz Y 

00224 V 
OM1 Y 

2252992 50592 B")o66AS W32 U238 1 3  B 0015 A 
2x2629 50892 BHSO123AS 1 1 6  u238 1 3  B 0012 A 
2262685 50992 BHSO140AS U16 u238 1 3  B 0024 A 
2695029 58593 B")403AS 6'125 u238 1262 0057886 V 
3671573 59793 BHS0488AS w2 u238 1.2495 0032 Y 
3671106 61293 BHSO5OSAS 6'106 u238 1 2409 00544 Y 
506%54 56694 BH00096AS 00-60 u238 1236 00129 v 
5011955 56694 BHOO122AS 430-1500 LW8 1.234 om v 
3671571 59293 B H M A S  w2 u238 1.2333 00239 Y 
3671424 63193 BHS0616AS w-6 u238 12261 00175 Y 

00159 v 506%38 56694 BHOOlllAS 00-350 U238 1214 
00164 v 5186003 59494 BH00152AS 00-59 u238 1212 
0010 v 5012728 51594 BH00085AS 180-230 u238 1209 

3671259 59593 BHSO552AS (7-6 u238 1192 00174 Y 
3671090 59293 BHB44OAS 6 1 2  u238 11855 OM87 Y 

00175 V 5665670 56694 BHOOll2AS 00-410 Vu8 1171 
3671567 5949'3 BHSO524AS 4 2  u238 11581 00221 Y 

33 1 3671044 58893 BH50458AS 0-6 U233234 18486 00207 Y 
2525786 56293 B"Z1OAS w2 u235 0 08865 O M 4  A 
3335580 58893 B-AS w2 u23s 0076 U 0.2 A 
2439086 56193 BHSOl77AS w-6 u235 0073 J 0021 A 
2525793 56293 BHSO2MAS 0% u235 0 06913 0048 A 
3671053 58893 BH50459AS 6 1 2  u238 1 zn 00207 Y 
2550474 56493 BH50219AS w-6 u238 1 2  B 0017 A 

BH50252AS 0-6 u233234 2 2  B 0026 A 
2522272 57293 BH50297AS 263w u233234 1 8  B 0047 A 
2522313 57393 BHS029lAS 221 261 u235 011 BJ 0014 A 
2625469 57193 BHSO246AS w2 u235 0 09712 0096297 A 
2465685 57593 BHS0298AS w2 w5 0092 J 0026 A 
2625490 57193 BH!W!SIAS 7'13 u235 009156 0077064 A 
2467516 57093 BHSO241AS w 2  u235 o on5 o v  

0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
OOZZ 
0022 
0022 
0.022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 

0 068 
0068 
0068 
0068 
0068 
0068 
0.068 
0068 
0068 
0068 
0.068 
0.068 
0068 
0068 
0068 
0068 
0 068 
0 068 
0068 
0068 
0068 
0.068 
1109 
1109 
1 109 
1109 
1 109 
1109 
1109 
1109 
1109 
1109 
1109 

0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
1485 
1485 
1AU 
1AU 
1485 
1485 
1AU 
1485 
1485 
148.5 
1485 

0733 1109 
0733 1109 1485 
0733 1109 148.5 
0733 1109 1.485 
0733 1109 1485 
0733 1109 1485 
0733 1109 1485 
0733 1109 1485 
0733 1109 1485 
0733 1109 1485 
0733 1109 1485 
0733 1109 1485 

0022 0068 
0733 1109 1485 
0733 1109 1485 1 
0779 1711 2643 3 

0022 0068 0114 
0022 0.068 0114 

0022 00611 0114 

t 



Table 45 (Conbnued) 

2522292 
2465713 
2467508 
2625470 
2522298 
2550607 
2465691 
3671574 
3670934 
2525815 
2522263 
2522305 
2465705 
3670935 
2522312 
2550453 

2467559 
3670937 
2467558 
2467566 

2 4 6 ~ 8  

57393 BHSOZSBAS 
57593 BHS0301AS 
57093 BH50242AS 
57193 BHS0246A.S 
57393 BHS-AS 
57993 BHS0261AS 
57593 BHS0299AS 
58793 BHS064SAS 
58793 BHs0406AS 
56893 BHSOu9AS 
5 7 m  BHSOZSSAS 
57393 BH502mAS 
57593 BH50294AS 
58793 BHM407A.S 
57393 BH50291AS 
57493 BHSO265AS 
57593 BHSO300AS 
57093 BHS0242AS 
58793 BHS0409AS 
57093 BHS0243AS 
56993 BHSO199AS 

46 121 U235 
12 14 E 3 5  
u-6 U235 
u 2  U238 

102 181 U238 
(Y2 U238 
U-6 U238 
U 2  U238 

W-61 U238 
83 143 U238 
2026 U238 

161 241 U238 
612  U238 

6 1  12 U238 
221 261 U238 

1820 U238 
612  U238 
0-6 U238 

18 24 U238 
6123 u238 
u-4 u238 

0 075 
0 072 

0 0705 
1 478 

14  
1 4  
1 4  

13915 
13452 
1324 

13 
13 
13 

12094 
12  
12  
12  

119 
11706 

1 16 
111 

BJ 0013 A 
0017 A J 
0015 v 

0150293 A 
0044 A B 

B 0014 A 
B 0.015 A 

om Y 
00194 Y 
0026 A 

B 0013 A 
B 0012 A 

0.023 A B 
00195 Y 

B 0023 A 
B 0017 A 

0024 A B 
0015 V 

00195 Y 
o v  

0026 A 
111 0087781 A 

13.3 3671055 61193 BHS0500AS 0-6 u233234 1 8225 00335 Y 
2625491 5719 BHSOWlAS 713 U238 

2550497 
3671246 
3671242 
2439128 
3671079 
2439135 
24391 14 
3671263 
2550495 
2550502 
2439134 
2439120 
2439141 
3671269 

56793 
61393 
59693 
56593 
61193 
56593 

56693 
59693 
56793 
56793 
56593 
5 m  
56593 
61393 

BHSO23lAS 
BHSO576AS 
BHSOS57AS 
BHSO22lAS 
BHSOSOOAS 
BHHnZLAS 
BH50226AS 
BHSO556AS 
BHS0231AS 
BHSO232AS 
BHSOZ22AS 
BHS0227AS 
BHSOu3AS 
BHSOS7OAS 

1 8  B 
0 1087 
0 1074 

0 0809 
0082 J 

008 J 
0069 J 

1 4  B 
14 B 
13 B 
13 B 
12 B 

1 48435 

11674 

0033 A 
0.0178 Y 
0.0283 Y 
0053 A 
om Y 
0011 A 
0011 A 
00246 Y 

006 A 
0016 A 
0019 A 
0022 A 
012 A 

00174 Y 
3671272 61493 BHSO583A.S (Y85 U238 113495 00179 Y 

13.4 3671051 58993 BHS0482A.S 64  12 u233234 2 6331 00389 Y 
2695389 
2653767 
2653834 
2525855 
2439051 
3671547 
2653776 
2439071 
2525766 
2522228 
2439057 
3671565 

58093 
55693 
55793 
56093 
55593 
59093 
55693 
55593 
55993 
55593 
55593 
59093 

BHSMlSAS 
BHSOl00AS 
BH50306AS 
BHS0271AS 
BH50058AS 
BHS0648AS 
BHSOlOlAS 
BIU0083AS 
BHSOlglAS 
BH50057AS 
BHSOOSJAS 
BHSO648AS 

10 12 
U-6 
u 2  
2 8  
6 12 
u 2  
6 12 
24 26 
93 15 
U-6 

12 18 
u 2  

u233234 
u233234 
u233234 
u233234 
u235 
u235 
U238 
u238 
U238 
u238 
U238 
u238 

246 
2 058 
1958 
1 735 
0 11 

0 0724 
144 
1 4  

1367 
13 
11 

11991 

0034 A 
011179 A 

0099847 A 
0.044 A 

J 0015 A 
00232 Y 

0049486 A 
B 0018 A 

004 A 
B 0012 A 
B 0012 A 

o m 2  Y 
2653857 55693 BHS0113AS 1 F X 5  u238 1169 0062282 A 

0011 A 
2451956 55293 BHSOl07AS 610' u235 0098 BJ 001 A 

009 J 0017 A 2451949 55293 BHS0106AS (Y-6 U235 
2420013 55493 BHMo33AS 6 124 U235 00831 o v  

0015 A 2451934 55193 BHSoo9oAS (Y-6 U238 
0011 A 2451941 55193 BHSOLWAS 68 U238 

2420082 55493 BH5W34AS 124 193 U238 134 o v  
2451977 54893 BHS0017AS u-6.5 U235 009 J 0016 A 
2451991 54993 BH50035AS u-6 U235 0083 BJ 001 A 
2451976 54893 BHSW17AS U-55 u238 13 B 0001 A 
2451983 54893 BHSOO31AS 4412  U238 13 B 0031 A 

13.5 2451942 55193 BH5CQ99AS 68 U235 0 1  BJ 

14 B 
14 B 

M- X - 1  M X d  
0022 0068 0114 01 
0022 
0022 
0022 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 

0068 
0068 
0068 
1 109 
1109 
1109 
1109 
1109 
1109 
1109 
1109 
1109 
1 109 
1 109 
1109 
1109 
1109 
1109 
1109 
1109 
1109 

0 114 
0 114 
0 114 
1.485 
1485 
1485 
1.485 
1485 
1485 
1485 
1485 
1485 
1485 
1485 
1485 
1485 
1485 
1485 
1 485 
1.485 
1485 

0733 1109 1485 1 
0779 1711 2.643 3.441 
0779 1711 2.643 3 
0022 0068 0114 0 
0022 0.W 0114 0 
0022 0068 0114 0 
0022 0068 0114 0 
0022 0.W 0114 0 1  
0027. 0068 0114 0 1  
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1.485 1 
0733 1109 148S 1 
0733 1109 1485 1 
0733 1109 1.485 1 -%-=pq 
0779 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2643 
0022 0068 0114 
0022 0068 0114 
0733 1109 1485 
0733 1109 1.485 

0022 0068 0114 0 1  
0022 0068 0114 0 1  
0022 O M 8  0114 0 
0733 1109 1485 1 
0733 1109 1485 1 



Table 4 5 (Conbnued) 
senw sllmpk Dcptb R d t  RIportiao 

I D L 4 l u b O  N r n t d  Cmrtitpct P a G  Qddkr Limit Vdid 
2451%9 55093 BHSO131AS 6 132 U238 12 B 002 A 

00145 v 'meret 5112084 56194 BHooo43AS 00-60 u238 1 454 
rd 4954863 56194 BH00043AS 00-60 u238 12218 00334 V 
I.snt 3671439 64493 BHSO632AS 12 14 u233234 2 2162 00754 Y 
&Y 3671449 64693 BHSO638AS u-6 u23s 0 074 oozoz Y 
v dl33 3671471 64593 BHSO634AS u-6 u238 13318 00184 Y 

3671468 64693 BHSO638AS u-6 u238 13286 om Y 
3335616 64493 B m S 2 A S  u 2  u238 13 0.2 A 
3611475 64493 BEuo63oAS u-6 U238 12046 00208 Y 
3335623 64293 BHSO6S3AS 0 2  u238 1.2 0 1  A 
3671470 64693 BH110640AS 12 16 lR38 1167 o m  Y 
3671473 64593 BH5O636AS 12 18 u238 11653 00219 Y 
3671474 64593 BHSO637AS 18 20 u238 11475 00217 Y 
3671476 64493 BHSO631AS 6 1 2  V u 8  11303 00271 Y 
3671469 64693 BHSO639AS 6 1 2  u238 11098 00199 Y 

0053 A 133 2695361 57793 BHSO322AS 6 3  12 U235 00814 
0026 A 2695360 57993 BHSO316AS 4 9  8 1  u235 0 07345 

3671562 57893 BHS0355AS 0 2  u238 11521 00303 Y 
DEM 1 5362673 55194 BHOOO28AS 00-60 u233234 184S 0021 Y 

5362682 55194 BH00029AS 6CL120 u235 0 08957 0022 Y 
5362674 55194 BHOOOZSAS 00-60 U235 0 08SS 0018 Y 
5362699 55294 BH00031AS 00-60 Vu8 1 42 00139 Y 
s36noi 55294 BH00032AS 60-120 u238 1404 00232 Y 

5362691 55194 BH0003OAS 120-161 u238 1341 00146 Y 
DEM 2 5292588 56094 BHo39As 120-180 u238 1 427 om Y 

00184 v 5112044 55894 BH00036AS O M 0  u238 1243 
Wl33 5 W 8 3  58894 BHOOO64AS 00-27 u23S 0 07 001 Y 

2695403 57693 BIuo319AS u-6 u238 118 0033 A 

536ni5 55294 BH00033AS 120-152 u238 1 4  ooin Y 

& . c r a b t k B U L g ~ M ~ p b r l U @ S I . l d r r d l b r L t b a r b U t ~ k r t b . l , ~  MNOpbrUWWSh 

1511% 2689769 58693 BH50349AS 12'195 u23S 01491 BJ 0.012 A 
3671231 
3671232 
2689782 
3671261 
2262671 
2642373 
2689775 
3671422 
2252999 
2262657 

2262643 
269SO15 

2262636 

59493 
59493 
58693 
59593 
50992 
58693 
58693 
60993 
50692 
50792 
50892 
50892 
58593 

BHSO520AS 
BHSO52IAS 
BHS04OSA.S 
BHSO553AS 
BH50138AS 
BHS0348AS 
BHS03SOAS 
BHSOS88AS 
BH5W88AS 
BHSOlOSAS 
BHSOl2lAS 
BHS0122AS 
BHSO347AS 

u-6.3 
6 Y  129 
2.55 295 

6 12 
U-6 
u-6 

195 255 
0-6 
6 12 
u 10 
U 4  
6 12 
u-6 

0 1386 
0 1366s 

17904 
1 8  B 

17 B 
17 B 
17 B 

16 B 
1 6  B 
1 6  B 
1 6  B 

1- 

15995 

0 0179 
00199 
0 016 

00188 
0 cos 
0 01s 
0 019 

0 013 
002 

000s 
002 

0 W % 2  

om06 

Y 
Y 
A 
Y 
A 
A 
A 
Y 
A 
A 
A 
A 
V 

3671105 61293 BHSOSOQAS u-6 u238 1527 00283 Y 
2252985 50692 BIuoo89As (114 U238 15 B 0025 A 
2642380 58693 B"417AS 6 1 2  IR38 15 B OD61 A 

3.27 0022 A 13 1 2695393 56393 BHsozllAS u 2  mi3234 
2525794 56293 BHS0206AS (1-6 u238 1621 0.043 A 
2439018 56193 BHSO176AS u 2  u238 15 B 0011 A 
2550067 56493 BHso22oAS u 2  u238 15 B OD49 A 

13 2 2522251 57293 BHSO2S3AS 6 1 2  IR33234 2 9  B 0038 A 
2522243 57293 BHSOZSUS u-6 m5 015 BJ 001s A 
2522271 57293 BHSOZmAS 2630 Vu5 013 BJ 0018 A 
2522257 57293 BHSO2S4AS 12 18 u23s 012 BJ 0.01 A 
2522235 57293 BHS0251AS u 2  u238 1 8  B 0013 A 
2522256 57293 BHSO2S4A.S 12 18 u238 18 B 001 A 
2522284 57393 BHSO2S7AS W-66 u238 1 6  B 0011 A 
2624781 56893 BHM236A.S u 2  u238 1531 0067023 A 

I33 3671528 61193 B H W A S  0'2 u233234 3.2214 00286 Y 
3671546 61193 BHSO649AS (12 u235 0 1417 00227 Y 

0059 A 2439142 56593 BIISOmAS 6 1 2  u235 012 J 
0031 A 2439113 56693 BHsoz26As u 2  v u 8  1 6  B 

-E 
0733 1109 1485 

0022 O W  0114 
0733 1109 1485 
0733 1109 1.485 
0733 1109 14115 
0733 1109 148S 
0733 1109 1485 
0733 1109 1485 
0733 1109 1.485 
0733 1109 1485 
0733 1109 148S 

0733 1109 14115 1 
0779 1711 2.643 3.44l 
0022 O W  0114 01 
0022 0068 0114 

0022 0068 0114 01 
0022 0068 0114 
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1485 1 
0733 1109 1.485 1 
0733 1109 1.485 1 
0733 1109 148S 186 
0733 1109 1485 1 
0733 1109 1.4US I 
0779 1711 2.643 3 

0733 1109 1.485 1 
0733 1109 1.485 

0733 1109 14115 1.86 
0779 1711 2.643 3 
0022 0068 0114 
0022 0068 0114 
0022 0068 0114 
0733 1109 1485 1.8661 
0733 1109 1485 186 
0733 1109 1485 1861 
0733 1109 1485 1861 
o n 9  1711 2.643 3 
:OZ; :I 0114 

0 114 
0733 1109 1485 186 



Table 4 5 (Conhnued) 
Seswllf suapk D* R d t  R- 

mss/st NO. i a t d  coar-t ipccK: Q1I.lia er limit valid 
2550481 56793 BIUOWAS 612 U238 16 B 0015 A 

00181 Y 
2695366 58093 BHSO315AS 10 12 U235 0 151 0029 A 
2653835 55793 BHSO306AS w2 U235 o 1377 0053241 A 
2522229 55593 BHSOO57AS w-6 u235 012 BJ 0012 A 
2439050 55593 BHW58AS 612 U238 I 8  B 0026 A 
2525773 55893 BHS0141AS 0'2 U238 17 0047 A 
2653843 55793 BHS0307AS W-6 U238 1546 0053116 A 
2695412 58093 BHS0313AS W2 I N 8  1 s  0021 A 

33 6 2451984 54893 BHMo31AS 44 12 U235 012 J 0036 A 
2451990 54993 BH50035AS W-6 U238 1.5 B 0017 A 
2451997 54993 BHSOO42AS 610 U238 15 B 0011 A 

LIwt 3335615 64493 BIM652AS w2 vu5 014 U 0.2 A 
illQluIT 3335622 64593 BIuo653AS w2 u235 014 U 0.2 A 
Y dl33 3671471 64493 BIuo632AS 12 14 U238 1 6662 00497 Y 
133 3335601 57793 BIuo329AS u 2  U235 014 U 0.2 A 
DEM 1 536~683 55194 B H W A S  60-120 U238 1636 om Y 

o m 1  v DEM 2 4954862 55894 BH00036AS 00-60 U238 14931 

33.4 3671075 58993 B")48uS 6.412 U235 0 1568 

EacsdrLbcBultgocld Mean pi- tkee St.od.rd Dcrhtlar 

151196 26423% 58493 BH50346AS 612 ut33234 3 0 B  0015 A 
2642410 58393 BHM344AS 6127' IS233234 93 B 0047 A 

BH50345AS w-6 U233234 91 B 002 A 
BHS0520AS w-63 U233234 3 7629 00343 Y 
BHSO346AS 612 U235 23 0015 A 
BHSO344AS 6127' U235 053 002 A 
BHSO5OSAS 6106 U235 03395 0.0431 Y 

w-6 v u 5  032 002 A 
BHS0346AS 612 U238 12 B 0.025 A 
BHSO344AS 6127 U238 72 B 0062 A 
BIuooglAS U-6' U238 31 B 0042 A 

W-63 U238 29341 00179 Y 
0037 A W-6 U238 29 B 

6 8  U235 17 008 A 
BH00091AS 00-40 U235 0 6879 0.0111 v 
BHUnllAS w2 U235 0 47 OD28 A 
BHM212AS 2-6 Vu8 1130 049 z 

0065 A 6 8  U238 120 
BHWIAS 00-40 U238 3837 000627 V 

0023 A BHSOZllAS W2 U238 261 
BHM4s8AS W-6 U238 2 7069 00207 Y 

0049 A 
333 26*795 56893 BHSOUBAS 4-83 U233234 105 7 0275116 A 

25&87 56293 BHSO21OAS 0 2  U238 2 101 

262k787 56893 BHSO237AS Y-4 u233234 33 03 0062S18 A 
24548 56993 BH5Om)AS 81 101 U233234 153 0028 V 
26$7% 56893 BHSO238AS 4 8 3  U235 37 68 0227704 A 
26h788 56893 BHSO237AS Y-I u235 1015 0061032 A 
24518 56993 BHSOUXlAS 81 101 U235 0 916 o v  

BHS0299AS w-6 U235 018 J 0026 A 
BHSO262AS 0% U235 017 J 0023 A 
BHS0238AS 48.3 U238 1160 0194178 A 

002) v BHS02OOA.S 81 101 U238 297 
BH50237AS Y-4 u238 19 41 0057163 A 
BHS02OZA.S 81 14 U238 2.97 0023 v 
BHso252AS 0-6 V u 8  2.5 B 0026 A 
BHSO253AS 612 U238 23 B 002 A 
BHSOZSSAS 46121 U238 21 B 0021 A 
BH50292AS 26'30 U238 2 B  003 A 

M l u  X-1 X-2 X d  
0733 1109 1.485 1861 
0022 0068 0114 01  
0022 0068 0114 OJ 
0022 0068 0114 01  
0022 0068 0114 01  
0733 1109 1485 
0733 1109 1485 

0779 1711 2.643 3 
0779 1711 2.643 3 
0022 0068 0114 01  
0022 0068 0114 
0022 Om 0114 
0022 0068 0114 
0733 1109 1485 1 
0733 1109 1.485 1 
0733 1109 1485 1 
0733 1109 1A5 1 
0733 1109 1485 1 
0733 1109 1485 1 
0 733 
0779 
- 

0779 
0 779 
0022 
0022 
0022 
0022 
0 733 
0 733 
0 733 
0 733 
0 733 

1109 
1711 
- 

1711 
1711 
0068 
0068 
0068 
0- 
1 109 
1 109 
1109 
1109 
1 109 

0733 1109 1465 1 
0779 1711 2.643 3.57 
0779 1711 2643 3.574 
0779 1711 2.643 3 
0022 0068 0114 01  
0022 0068 0114 01 
0022 0068 0114 0 
0022 0068 0114 016 

0733 1109 1485 1861 
0733 1109 1.485 1.861 
0733 1109 1485 1.861 
0733 1109 1485 1.861 
0733 1109 1465 1861 
0733 1109 1485 11161 
0733 1109 1485 1M 
0733 1109 1465 1.861 

om 0068 0114 a i6  



Table 45 (Contmued) 

BW0233AS 6 1 2  vL35 026 J O M 7  A 
BH50649AS w2 m8 9344 o m  Y 

B 

58093 
58093 
55993 
55993 
55694 
58993 
58593 
55993 
55694 
58093 
58093 
55694 
55993 
58993 
58993 
55694 
58093 
58093 
55593 
55694 
55993 
58993 
58993 
58093 
58993 
55793 
55993 
56093 

BH50314AS 
BHSO314AS 
BH50151AS 
BWO161AS 
BH00041AS 
BH50647AS 
BW0480AS 
BH5015lAS 
BHOOO42AS 
BH50314AS 
BNso314AS 
BHOOO41AS 
BHS0161AS 
BH50647AS 
BHSO48OAS 
BH00042AS 
BNso314AS 
BWO314AS 
BW0161AS 
BHOOO4lAS 
BH5OlJlAS 
BW0647AS 
BHso48oAs 
Bwo315AS 
BHso48us 
BH503MAS 
BH50162AS 
B"I1AS 

W8 
W 8  
W-6 

4 9 3  
00-60 

w2 
w-6 4 
u-6 

6 0-10 6 
W 8  
W-8 

00-60 
4 9 3  
w2 

w-6 4 
60-106 

us  
W8 

4-9 3 
00-60 
W-6 
w2 

u4.4 
lW 12 
6.4 12 

w2 
w2 
2 8  

m 3 2 3 4  
U233234 
m 3 2 3 4  
u233234 
u233234 
m 3 2 3 4  
m 3 2 3 4  
u235 
u235 
ms 
m5 
u235 
uz35 
u235 
u235 
m8 
u238 
u238 
m8 
u238 
uz38 
u238 
m8 
u238 
u238 
u238 
u238 
u238 

im 
126 

1133 
8493 
58 4 

25 7624 
129864 

17 
16 1 

10 
664 
584 

5 624 
15278 

065315 
848 
519 
485 

244.2 
216 
183 

97.2346 
47 1546 

8.27275 
3338 
2522 
2 414 

as 

on 
0 18 
0069 
0.238 

1 
00444 
0 0476 
0066 

4 5  
0.23 
0.37 

0 685 
0.207 

0 0352 
00249 

3 63 
0 088 
063 

0 187 
0 749 
OaS9 

0 0352 
00249 

003 
00265 

0091294 
0043 
0044 

A 
Z 
A 
A 
Y 
Y 
Y 
A 
Y 
Z 
A 
Y 
A 
Y 
Y 
Y 
z 
A 
A 
Y 
A 
Y 
Y 
A 
Y 
A 
A 
A 

56094 
56094 
56094 
55994 
55994 
55994 
56094 
56094 
56094 
55994 
55994 

BH00037AS 
BH00040AS 
BHOOO38AS 
BH00035AS 
BH00034AS 
BHooo35AS 
BHOOO37AS 
BHOOOOOAS 
BH00038AS 
BHOOO34AS 
BH00035AS 

00-60 
180.220 
60-120 
60-11.2 
00-60 
60-11.2 
00-60 

18 0-22 0 
6 0-12 0 
00-60 
60-11 2 

u233234 
u233234 
u233234 
m 3 2 3 4  
U235 
u235 
m5 
m5 
u235 
u238 
u238 

21 24 
1531 
11 94 

10 1869 
36 11686 
0 849322 

0 7023 
0.6218 
03899 

933 0405 
22 84702 

0 0126 
0048 

om11 
0 162069 
3 601073 
0 138323 

00113 
0.0306 
0 0338 

3936487 
0 138323 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

72 56094 BHOOO37AS 00-60 u238 16.62 00137 Y 
96 56094 BHOOOOOAS 180-220 U238 15 75 00416 Y 

us80 56094 BHOOO38AS 60-120 U238 10 93 00455 Y 

Maa X I 1  x 4  X J  
0733 1109 1485 1.86 
0022 0068 0114 
0733 1109 1485 
0733 1109 1485 186 
0733 1109 1485 1861 
0779 1711 W 3.5 
0779 
0779 
0779 
0779 
0779 
0779 
0779 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0022 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0 733 
0733 
0 733 
0 733 

1711 
1711 
1711 
1711 
1711 
1711 
1711 
0068 
0068 
0 068 
0068 
0068 
0068 
0068 
0 068 
1109 
1109 
1 109 
1109 
1109 
1109 
1109 
1 109 
1109 
1109 
1 109 
1109 
1 109 

2643 
2643 
2.643 
2.643 
2.643 
2643 
2643 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
0 114 
1485 
1485 
1485 
1485 
1485 
1485 
148.5 
1.485 
1485 
1485 
1.485 
1485 
1485 

-% 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
0779 1711 2.643 
OOZZ 0068 0114 
0022 O W  0114 
0022 0068 0114 01 
OD22 0068 0114 01 
0022 0068 0114 0 1  
0733 1109 1.485 



Table 4 6 
Summary of Organic COCs in Subsurface Sod 

2086490 
2632850 
2744293 
2035976 
2086132 
2744803 
2086496 
5045251 
5045343 
2744299 
2632856 
5 160749 
20861 38 
2086494 
2744297 
2632854 
2035980 

50992 
58593 
58393 
50492 
50692 
58493 
50992 
57594 
57594 
58393 
58593 
59894 
50692 
50992 
58393 
58593 
50492 

BHSO139AS 
BHS0403AS 
BHS0343AS 
BHSOO37AS 
BHS0087AS 
BH50345AS 
BHS0139AS 
BH00087AS 
BH00086AS 
BHSO343AS 
BHSW03AS 
BH00164AS 
BHS0087AS 
BHSOl39AS 
BHS0343AS 
BHSO403AS 
BHS0037AS 

6 12 
6 125 

0 6  
0-6 
0 6  
U 6  
6 12 

8 4 9 9 0 4  
240-600 

0-6 
6 125 

19 9 31 9 
W6 
6 12 
U6  

6 12.5 
0 6  

330 
240 
180 
170 
130 
44 

280 
250 
130 
110 
100 
98 
58 
47 

260 
250 
220 
100 

J 
J 
J 
J 
J 
J 
J 

BJ 
J 
J 
J 
J 
J 
J 

BJ 
J 
3 
J 

330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
3 30 
330 
330 
330 
330 
3 30 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2086136 50692 BHS0087AS 81 J 330 A 

1511% 2711716 59493 
2712569 
2712398 
2744971 
2745063 
2711300 
2086398 
2086582 
2086766 
2086674 
2744527 
2745322 
2711482 
271 1722 
2712575 
2712404 
2744977 
2086404 
2711306 
2745069 
2086588 
2086680 
2086772 
5141798 
5140749 
2744533 
2745328 
5141710 
2711720 

59493 
59493 
58693 
58693 
59493 
50992 
50992 
51092 
51092 
58393 
58693 
59493 
59493 
59493 
59493 
58693 
50992 
59493 
58693 
50992 
51092 
51092 
56694 
57594 
58393 
58693 
56694 
59493 

BH50520AS 
BHS052lAS 
BHS0349AS 
BH50349AS 
BHSM21AS 
BH50138AS 
BHS0140AS 
BHSO154AS 
BHS0153AS 
BHS0344AS 
BHS0348AS 
BH50522AS 
BW052OAS 
BHS0520AS 
BH50521AS 
BHS0349AS 
BH50138AS 
BH50521AS 
BH50349AS 
BH50140AS 
BH50153AS 
BHS0154AS 
BH00122AS 
BH0012lAS 
BH50344AS 
BHS0348AS 
BH00113AS 
BHS0520AS 

u-6 3 
6 9  129 
12 195 
12 195 
6 9  129 

U 6  
U 16 
(I 1 1  
0 6  

6 127' 
0 6  

1 2 9  178 
0-6 3 
w-6 3 

6 9  129 
12 195 

0 6  
6 9  129 
12 195 
0 16 
0 6  
u 12 

43 0-1500 
24 0-105 0 

6 12T 
0 6  

43 0-150 0 
0-6 3 

2200 
1700 
1500 
1400 
1310 
1300 
950 
860 
850 
510 
500 

3200 
2200 
2200 
1700 
1400 
1300 
1220 
1200 
920 
840 
830 
480 
470 
460 
390 
350 

2700 

D 
D 

D 

E 

D 
D 

B 

D 
B 

J 
J 

I 

330 
330 
330 
330 
3 30 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

V 
z 
z 
V 
z 
V 
V 
V 
V 
V 
V 
V 
z 
V 
2 
z 
V 
V 
V 
2 
V 
V 
V 
A 
A 
V 
V 
A 
V 

2712573 59493 BHS0520AS 0-63  Br~m@)fluo~uhnc 2500 D 330 z 



Table 4 6 (Contmued) 

2711304 59493 BH50521AS 6 9  129 B n m @ ) f l m e n c  1610 330 V 
2086402 50992 BH50138AS U 6  B nzo(b)fhrot.anmeae 1500 B 330 V 
2744975 58693 BW0349AS 12 195 B nm@)flucmnthenc 1500 330 V 
2745067 58693 BH50349AS 12 195 Benm@)fluomntb ne 1500 D 330 Z 
2086586 50992 BH50140AS loo0 B 330 V 
2086770 51092 BHS0154AS 940 330 V 
2086678 
2744531 
2745326 
2744801 
2604357 
2087591 
2702888 
2704838 
2087535 
2087619 
2604133 
2087563 
2087647 

51092 
58393 
58693 
58493 
58693 
50992 
61093 
59493 
50992 
51092 
58393 
50992 
51092 

BH50153AS 
BH50344AS 
BH50348AS 
BH50345AS 
BH50417AS 
BH50140AS 
BH50603AS 
BH5052OAS 
BH50138AS 
BH50153AS 
BH50344AS 
BH50139AS 
BH50154AS 

U 6  
6 127 

U 6  
0 6  

6 12 
0 16 
6 13 
w-6 3 
0-6 
U 6  

6 127 
6 12 
w 12 

b m M - =  

B nzo(b)flwr;lmh ne 
Benm@)fluomnrhene 
PCB 1254 
PCB 1254 
PCB 1254 
PCB 1254 
PCB 1254 
PCB 1254 
PCB 1254 
PCB 1254 
PCB 1254 

910 
660 
520 
370 
960 x 
870 
860 
630 
600 
500 
440 
320 
240 

330 
330 
330 
3 30 
160 
160 
160 
160 
160 
160 
160 
160 
160 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

2712481 59493 BHS0522AS 129 178 B nm()mtbrrcenc 3700 D 330 V 
2712487 59493 BH50522AS 129'178 B n z o ( ) p n e  3800 D 330 V 

2745491 58693 BH50417AS 6 1 2  Bcnzo(.).ntbarccne 4oooO D 330 Z 

2745497 58693 BH50417AS 6 12 B nm(a)p 35000 DJ 330 z 
2745419 58693 BH50417AS 6 1 2  Bnzo()pyrenc 43000 330 JA 

2745417 58693 BH50417AS 6 12 Benzo(b)fluorantb nc 48000 330 JA 

a 



Table 4-7 
Summary of Metd COCs Exceeding Background Mean in Subsurface Soil 

Rrd( 

5196791 
2815138 
5368668 
4912315 
3526634 
5170624 
5473741 
5 1 7 W  
517a396 
5196765 
5196794 
5196823 
4614393 
5201436 

5170010 
5170741 
5368152 
5170625 
51M654 
5170857 
5170799 
51701128 
5170097 

52016LU 

5201606 
517084 
4927517 
5170663 
5196x31 
5x8678 

szom 

s m i m  

5 2 o m  

580M 
59493 
59m4 
59591 
59593 
60293 
57594 
57894 
m 
sa094 
5&094 
58594 
59493 
59493 
59493 
59593 
59594 
59694 
60293 
601p3 

60893 
61093 
61093 
61293 
63193 
63893 
63993 
61093 
60293 
59593 
rn 
sB!W 
5989) 

DISSOLVED ALUWNUM 
DISSOLVED AUlWNUM 
DISSOLVEI) BARNM 
DISSOLW BARRIM 
DISSOLVED BARRTM 
DISSOLVED BARNM 
DISSOLWBWYULJM 
DISSOLW BERYLLNM 
D I S S O L V E D B W W M  
DISSOLVED BWYUIUM 
DISSOLVED BERYLLNM 
DISSOLVPDBWYUIUM 
DISSOLVPDBWYLUUM 
DISSOLW BWYULJM 
DBSOLVEDBWYUIUM 
DISSULWBWYLLNM 
DISSOLW BERYLLNM 
D I S S O L V P D B W W M  
DISSOLWBERYULJM 
DISSOLW BWYLLNM 
DISSOLWBWYLLNM 
DISSULWBERYlLlUM 
D I S S O L W e p n n w M  
DISSOLVEDBWntRlM 
DISSOLVED B W W M  
DISSOLWBWYULJM 
DISSOLWBWYUIUM 
DISSOLW BWYUWM 
DISSOLVED MANGANESJ 
DISSOLW MANGANESJ 
DISSOLW MANGMES3 
DISSULW MANGANESJ 
DL99aVPD MANG- 

261 
200 
1 I3 

I06 
85.4 
25 
2 3  
25 
23 
211 
25 
25 
25 
211 
23 
25 
25 
25 
23 
25 
25 
25 
211 
25 
25 
25 
23 

884 
81.9 
709 
46.2 
443 

im 

u 
u 
B 
B 
B 
B 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
U 
u 
u 
u 
u 
u 
u 
u 
u 
U 
u 
u 

m 
m 
m 
9 

23 
m 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
I5 
1 
1s 
15 
IS 

JA 
JA 
Y 
V 
V 
V 
Y 
1A 
IA 
JA 
JA 
JA 
V 
JA 
1A 
JA 
IA 
Y 
V 
JA 
JA 
JA 
JA 
IA 
V 
JA 
JA 
IA 
V 
V 
V 
V 
Y 

53611826 71494 -1GA YlM5 DISSOLWVANADRlM 1 W B  5 O Y  
13 2657525 58193 GWOIOI'IWC 6nW3 DWOLVEI)ALIJMUWM 1 o o U  X O I A  

4 W 2  58193 GWOl6lSGA l(yz(yp4 DlssavpDMANGANESJ 346 1 v  
I2 2393064 51193 Gway66wc 'MW3 D C l J a V F D M " U M  1 o D U  2 0 0 J A  

278936 59591 GWOlaUwC &!M3 D I S S a W B A R W M  139 17 V 
5389215 59393 GWM17sGA -5 DISSOLWBARNM 133 B Ob Y 
3343169 59593 ~ i i m c  M3B3 DISSOLWBARIUM 118 16 V 
519SW. 58ow mmmw 12RlM DISSOLWMAN- 18 15 v 

I3 940132 58193 GWOl6lSGA l(n[yp4 DISSOLWBARWM 145 B 1 v  
478950 58193 GWOl245GA w13M DISSULVEDBARNM 1 0 B  I V  
5201692 58193 mxmw 1w95 DISK)LWBAIUUM l 3 9 B  2 o o V  
5201~7 63793 m m i i s A s  lUFM DISSOLVEDBARNM 131 B ZQ) V 

5196713 sa094 m m i o u s  I tRlM DISSOLWMANOANESJ 212 15 v 
13 mm 58193 Gwolol7wc 6nW3 DlssMvpDBARRTM 1 5 6 B  M 1 V  

2815170 58193 GWO1168wc M2M DISSOLWBARNM 1 U B  1 o o V  

-A 
11366 7W46 1303.26 
11366 
11366 
m 
m 
m 
m 

222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 

3266 
3266 
3266 
3266 
3266 

7W.46 
70846 

1171 
1171 
1171 
1171 
191 
291 
291 
291 
191 
291 
291 
291 
291 
291 
291 
291 
291 
291 
191 
291 
291 
291 
191 
291 
291 
291 

120119 
120.09 
12009 
lloDp 

120.09 

130326 

1% 
150.2 
1% 
1% 

36 

36 
36  
36 
36 
36 
36 
36 
36 
36 
36 
36  
36 
36 
36 
36 
36 
36 
36 
36 
36 
36  

lQl.51 
mu 
ma 
m152 

imm 

3266 12409 

m 1171 
m 117 1 
84 117 1 150.2 1 

BcududDn*r*r 
l a 2  1 P  m 117 1 



Table 4-7 (Continued) 

a 

IHSS m LOdlrn No mu lCC collwlva I W Q  II*. Ud VdM 
lY196 5170306 59593 GWSO131AS 1111195 DISSOLVED "UM 900 m v  

3526633 59493 GWO148owc 1 1 M 3  DISSOLWBARlUM 647 2 3 v  
4 M l  59493 Gwol6llKiA 1- DISSOLVEDBARNM 4¶ 1 v  
28151 1 59493 Gwo1166wc M l M  DISSOLVEDBARlUM 7 m v  

59493 Gwotowwc 6/24193 DISSOLVEDBARNM 3% 17 V 
59493 
6 3 m  
59493 
59493 
59193 
63993 
640!% 
58994 
59594 
59493 
59493 
59493 
63993 
59493 
63893 
59493 
59493 
59493 
59493 
71494 
640m 
59594 
60893 
59593 
59593 
59593 
59593 
61B3 

GWOlU7GA M W  

GwozI76GA 319195 
GwSO114AS 1/4195 
GWSOl13AS 114195 
GWSOI 19AS 16195 

GWOZJl89GA m195 
GwolMMiA 1 m 5  
Gwo14eawc I119F)3 

GwolowWC 6/24193 
Gwoll66wC M 1M 

GWOl618GA 1- 
mso1zo.u 1n195 
GwSO114AS 1/4/95 
GWSO113AS 1l4B5 
GWOl247GA 6 l l W  
Gwoz1760A W195 
Gwo2211GA 3/14/95 

Gwmo5ffiA 1 m 5  
m m m A s  It2695 
GWO11mc M3193 
GwoloZpNC m4m 
GWOLUSOA 8nm 
GWSO13lAS 1n 1195 

Gwmi 2 ~ s  i n n s  

GwSOl LIAS i n m  

GwSOl19AS i n m  

GwSOl 1MS in195 

GwSOl26As i n n s  

DISSOLVED BARlUM 
DISSOLVED BARNM 
DlSSaVPD BARIUM 
DISSOLVED BARNM 
DISSOLVED BARNM 
DISSOLVED BARNM 
DISSOLVED BARIUM 
DISSOLVED BARNM 
DlSSaVPD BARIUM 
DISSOLVED MANGANES 
D I S S O L W  MANGANESE 
DISSOLVED MANGANESE 
DISSOLVED MANGANEQ 
D w a v p D M A N G W  
DISSOLVEDMANGANES 
DISSOLVED MANGANEQ 
DISSOLVED MANGANES 
DISSOLVED MANGANESE 
DISSOLVED MANGANEQ 
DISSOLVED MANGANEQ 
DISSOLVED MANGANEQ 
DISSOLVEDMANGANES 
DISSOLVED MANGANES 
DISSOLVED MANG- 
DISSOLVED MANGANEQ 
DISSOLVED MANGANESE 
DISSOLWMANOANES! 
DISSOLVED MAN- 

393 200 
348 m 
m 12 
340 m 
326 m 
315 m 
238 m 
216 12 
213 m 

105m 2 
4 m  1 
wo IS 
3530 15 
34m 1 
3170 15 
3130 IS 
2960 I5 
2920 I5 
2510 1 
m 15 
1300 IS 
1160 15 
I 1w 15 
761 2 
680 1 
608 2 
514 1s 
3% 15 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
V 
V 
V 
V 
V 
V 
V 
1A 

5M921u 59393 GWm175GA M195 D B S O L ~ M A N G ~  21 M Y  

33 51- 55394 GwSOIMAs 1- DISSXVEDMANGANPS 843 15 v 
s m i s s  63793 GWSOIISAS 1-5 DISWLVEDMANGANESe 76S 15 v 
2651494 UrWJ GWOlOl'IwC 6nly93 DlSSaVPDMANGANES 515 15 v 
2815180 58793 GWOllarWC W1W3 D I s S a W M A N G A N B s e  480 15 v 
3528p55 56793 GwoI4azWC iiii(y93 DISSOLVED MANGANESE 4 n  Z V  

11 2 3 9 m  51193 Gwoo166wc yza"n DISSOLVEDBARIUM 253 m v  
4927310 51193 Gwol6lZaA 1- DISSOLVEDBARNM 244 9 v  
4 9 m n  51193 GWOl613GA 1- DISSOLVEDBARNM 243 9 v  
4179516 51193 GWOIUZGA 8/1W DISSOLVEDBARNM 239 14 V 
5252m5 51193 GWmllOGA 2111195 DISSOLVEDBARNM 239 12 v 
34492% 51193 Gwo1477WC lllllA3 DISSOLVED BARIUM 2355 m v  
2614566 51193 Gwoo6nwC 41L6193 DISSOLWDBARIUM 2345 17 V 
4ngsi7 51193 GWOlU3GA M9N DISSOLWBARNM 226 14 V 
334245 51193 GWOll63WC Ell6193 DISSOLmBARNM 2195 16 V 
3449306 51193 GwoI4nwC llll%93 DISSOLWMANGANBse 3COS 1s v 
2393oTl 51193 Gwoo166wc 32093 DISWLVEDMANG- 2930 15 v 
4927512 51193 owO1612GA IWW94 DISSOLVEDMANG- 2910 1 v  
2614578 51193 Gwoo612WC 4R.693 D I S S O L m M A N G M  2S90 1 v  
4927515 51193 GWO1613GA I W  DISSOLWMANGANEQ ZILIO I V  
n m  51193 Gwol243GA w i w  DISSOLVED MANGANESE 2810 Z V  

4779659 51193 GWO1242oA M W  DISSOLWMANGANESE zlllo 2 v  
3 3 4 m  51193 GWOll63WC WtW3 DISSOLVEDMANOANES! Zll5 2 v  
5253105 51193 GWU?lICGA BAS DIsSaVED- 2470 1 v  

m 1171 1- 
1171 150.2 

m 
84 
84 
84 
64 
84 
84 
m 
m 

3266 
3266 
3266 
3246 
3266 
3266 
3266 
3266 
3266 
3266 
3266 
3266 
3266 
3266 
3266 
3266 
3266 
3266 
3266 

1171 
1171 
1171 
1171 
1171 
1171 
1171 
117 I 
117 I 

120.09 
120.09 
120.09 
120.09 
120.09 
11009 
lMoD 
1- 
imm 
imm 

i m m  
imm 

imm 

120.09 
120.09 

1- 
120.09 

120.09 
120.09 

150.2 
150.2 
150.2 
150.2 
1- 
150.2 
150.2 
150.2 
lw)3 
mu 
msl 

mS2 
mn 
mn 
ma 
ann 
mn 
mn 
msl 

mn 
m3l 
mn 
1070 
m3l 
mn 
msl 

mn 

mn 

3266 mn9 
3266 lppP ma 
3266 120.09 mn 
3266 120.09 ms2 
3266 12M9 mn 
3266 120.09 

m 1171 150.2 I 



Table 4-8 
Summary of Radionuclide COG Exceeding Background Mean in Groundwater 

5179219 
5186114 
2891018 
5186131 
5179280 
2891016 
334833 
4780715 
2891017 
5126081 
5422179 
5014072 
2891291 
5456180 
5179281 
2891016 

59793 
61093 
61093 
61093 
59793 
63193 
59593 
59593 
61093 
58091 
56994 
59593 
59593 
59393 
59793 
61093 

Ill995 
lRyp5 
7/13/93 
lRyp5 
1/15/95 
711293 
MY93 
8nW 

1M1M 
m n 5  

1 0 4  
61u193 
-5 
1/1995 
711 3/93 

7n 3/93 

DISSOLVED U233Z4 
DISSOLVED U233234 
DISSOLVED U233234 
DISSOLVED U235 
DISSOLVED U235 
DISSOLVED U235 
DISSOLVED U235 
DISSOLVED U235 
DISSOLVED UPg 
DISSOLVED UPg 
DISSOLVED U235 
DISSOLVED U235 
DISSOLVED UPg 
DISSOL- U235 
DISSOLVED WB3 
DISSOLVED U238 

14 I4 
14D5 
11s 

Odln 
OS59 

053 
037 

03.51491 
034 

OMod 
0 s  
0231244 

0 1  
0 19m3 

lodl 
8 1  

O l a r  v 
03a Y 

B OM2 A 
R m Y  

J OD75 A 
1 O X ? A  

0219133 V 
I OD71 A 

ala, v 

a18 v 
a i m  Y 

Y a i m  A 
81 - A  

0121974 Y 

0.071 A 
am v 

2891015 63193 GWSW13AS 711293 DISSOLVED- 54 014 A 

1333 3348392 58793 m1168wc ai1293 DISSOLVPDAM241 OQl8 om v 
5178939 56594 GW50105AS 11/23194 DlSSOLVPDUZU onti9 am Y 

14210 zS95924 Mo9(L GWOM6SWC 3121193 D I S S X ~ U 2 3 5  039 a115 A 

6.914 
6 914 
6.914 
0 I !n  
0 I95 
0 195 
0 195 
0 195 
0 195 
0195 
0 195 
0 195 
0 195 
0 195 
4832 
4132 

32354 

3 2 3 4  
(Mu 

Om 
Om 
om5 
(Mu 

0335 
oms 
om5 
(Mu 

(Mu 
063s 

zuoz 
zuoz 

32354 
nm 
nm 
nm a 

1475 

1175 
1.475 
I475 
1.475 
1475 
1475 
I 175 lll 
I N 5  211 

ain n 
a m  n 



Table 4-9 
Summary of Radionuclide COG Exceeding Background Mean in Surface Water 

0 

mz1 
Z W l u I  
mol 
ZWlun 
259618 
7596l63 
SOmQ 
em475 

2wllD91 
mo9 
1emm 

emm 

2616182 
25 
2616200 
26m 
2549161 
23 6 6  
261- 
0 2  60( 

2616184 
116129 
21oaD16 
2101998 
2 6 1 m  
254935 
2616167 

2103896 
2684 
2616251 
zaum 
21U3906 
2 6 a 6  
2675623 
26161 5 I 2549141 

m i m  

w - u a  n 6m 

n i a  

DISSOLVED M 3 2 3 1  
ISSOLVED up234 

DISSOLVED 
ISSOLVED m 

DISSaVED 
DISSOLVED VDll 

TOTAL AM241 
mAL AM24 
mAL AM241 
TOTAL AM24 
mAL u733234 
TUTAL m3234 
mAL m 

DISSOLVED M3234 
DISSOLVED m3234 

ISSOLVED up234 
DISSOLVED M 3 Z 4  

ISSOLVED up234 
DISSOLVBD M3234 
DISSOLVED M3231 
DISSOLVm M3234 
DISSOLVED 
DISSOLVED UEd 
MEsaveD m 
DISSOLVED UZ?d 
DlSs2LVm m 
DISSaVm W3l 
DISSOLVED W?3# 
TOTAL m1 
TOTAL AM241 
mAL m1 
mAL AM241 
mAL AM241 
mAL Mu41 
TOTAL m3m 
mAL m3m 
TOTAL Us3234 
mAL m 
mAL m 

rm, lOZ 
m3234 1429 
Mrn 1.346 
M3234 a 4  
m3234 I 133 
Mm4 IC464 
m373 IGm 
m 13 
m 1131 
m 1 1  

m wdz 
m a- 

ai14 A 
ala A 
ale A 
0216 A 
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Summary of Metal COCs Exceedrng Background Mean in Stream Sedmenis 
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5 0  CHEMICAL FATE AND TRANSPORT 

This chapter discusses the chemcal fate and transport modelmg performed m support of the HHRA for 

OU 5 The objectlves of thls modehng were to smulate the transport of COCs from OU 5 to potenual 

exposure points for human receptors under present and antrcipated future site conltlons and to provlde 

mformauon needed for the evaluauon of potenttal remelal alternauves at OU 5 

5 1  POTENTIAL ROUTES OF MIGRATION 

Figures 5 1 through 5 * lllusuate potenual routes of rmgrahon for groundwater surface water and an 

respecuvely Understannlng these routes of mgratlon is not only fundamental to chemcal fate and 

transport modelmg but also is the basis for assessing of  potenual exposure routes to human receptors for 

the nsk assessment. The potentlal routes of mgrauon m each enwonmental medun are lscussed bnefly 

below The human health exposure assessment is presented 111 &tad 111 TM12 (DOE 199%) and IS 
discussed m Secuon 6 4 

The hydrogeologic profile of the OU 5 groundwater flow and contaminant transport system, inciudrng 

saturated and unsaturated zones lllustrates the potentral mgrauon of contarmnants from a source (e g the 

landfill area) This potenual mgratlon route runs through the uns8tur8tfd and saturated zones of the 

UHSU to the creek or to seeps along the hdludes adjacent to Woman Creek (Figure 5 1) The profile also 

depicts the potentral contarmnatlon of groundwater and sods with VOCs Once the contarmnants reach the 

seeps they evaporate or rmgrate downslope ~II surface flow or near surface groundwater flow m the 

unconsolidated matenal to the creek. They may then be transported wa surface water processes Surface 

water processes are lscussed m Sechons 2 3 and 3 4 VOC contarmnants tll the unsaturated zone could be 
mobilized by desorption. dissoluhon, or vapomauon from contarmnated soil Once mobillzed 

contammants would rmgate to the surface and escape into the atmosphere by volauhzation The 

contammants could also mgrate mto groundwater 

The hydrogeologic profde (Figure 5 1) does not include all of the contamrnant sources-such 

as metals and paruculate rdoacttve contamrnauon in soils-that may exlst at the site However under the 

hydrogeochemical condmons of OU 5 metals and ralonuclides are not expected to be very mobile 
Therefore mgrauon of  metals and raonuchdes through the groundwater pathway is considered to be 
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capability to incorpora radioacuve decay and sorpuon of radionuclides 

The profile of surface u ater pathways (Figure 5 2) illustrates the numerous potcnttal mechamsms for 

contarmnant mgrauon Storm water runoff may transport contarmnated soils to surface waters through 

erosion with subsequent transport to downstream receptors Surface waters and suspended sediments may 

be impacted from the dscharge of contammated groundwater via seeps and spnngs Once groundwater 

borne contammants reach surface waters the potenual migrauon routes are identtcal to those descnbed 

above for contmnated storm water 

The arr emssions and dqersion models selected to assess concentrattons of au contarmnants at sensitlve 

receptors esumated the exposure point concentrattons for the exposure pathways associated with au 

transport (Figure 5 3) VOCs may be transported through the vadose zone from underlymg soils or 

groundwater and may lnuude into a hypotheucal bwldmg located w i t h  OU 5 (volahllzahon mto indoor 
au and subsequent rnhalauon by a future onsite office worker) Chemcals III surface soils may be 

transported vta fugmve paruculate emssions from OU 5 to onsite exposure pomts (mhalahon of 

pmculates by the fum onsite outdoor worker and ecological researcher) Fugitlve dust emssions from 
OU 5 may also result 111 the depositton of chemcals m surbome pmculates on surface soils and plants 

5 2  CONTAMINANT MOBILITY AND BEHAVIOR 

Potenual mechanisms for the release of contaminants from OU 5 sources are descnbed m Sechon 5 1 

above and are discussed m ad&uonal deta~l m Exposure Assessment TM for the "RA TM12 (DOE 
1995b) for those pathways determrned to be srpficant to the HHRA Observed contarmnant dlstnbuttons 
at OU 5 are the result of chemcal and physical mteracttons between contarmnants and the envtronmental 

media in which the contaminant resides These mteracuons mvolve processes that deemme the transport 

and fate of contarmnants m site soils se&ments surface waters and groundwater These processes 

include but are not limted to adsorpttoddesoxptton reacuons (includmg ion exchange) 

oxldabodreducuon complexabon precipitahoddissolutton volahlizahon hydrolysis dehalogenahon 

radioacuve and chemcd decay and biodegradauon 
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Contarmnant behaviors and mobiliues as d e t m e d  m the fate and transport models descttbed m the 
followmg secuons are derived from the physical and chemcal propemes of mdiwdual contarmnants m 
the context of the physical and chemcal properues of the site as determmed from field and laboratory 

data collected for the specific meda at OU 5 Each of the fate and transport models descnbed below are 
capable of modelmg the processes affectmg contarmnant mobility applicable to the medium/me&a being 

modeled The capabiliues ot the models are descnbed m detal m TM13 (DOE 1994b) and are 

summanzed in the followmg secuons In all cases when model parameters affectmg contarmnant 

mobility were vaned in order to achseve calibrauon the parameter esumates used were those that would 
provide the most conservatlve results for use in the "RA 

October 1995 

5 3  CHEMICAL FATE AND-TRANSPORT MODELING 

The following secuons discuss the procedures followed for the modelmg of contarrrmant fate and transport 

m groundwater surface water and au  and the results of ?ius modelmg For each modehng effort, the 

rauonale used for selectmg the specific numencal modeling codes is also discussed Addmonal detarl 

regarding the selecuon of fate and transport models is prowded in TM13 (DOE 1994b) 

531 Groundwater Modeling 

This sectlon descnbes the groundwater modelmg includmg flow and solute transport modehng m the 

groundwater system and smulatton of contarmnant transport m the vadose zone 

5 3 1 1  Purpose 

The purpose of the OU 5 groundwater modelmg was to provtde an evalmon of contarmnaut transport via 

the groundwater pathway m order to support the OU 5 " R A  T ~ I S  purpose was satisfied by the 
produchon of a reallsuc represenwon of the subsurface system whsch was used to estlmate contamtnant 

concenuauons at locaaons that are relevant to nsk assessment. These lOCahOIIS mclude areas where 
ptenually contarmnated groundwater mght flow mto Woman Creek The model area covered by the 

modelmg is depicted on Figure 5-4 
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5 3 1 2  Scope 

The scope of the groundwater modelmg is limted to providmg esumates of concentrabons of COCs that 

originate in OU 5 IHsSs Concentrmons are calculated at regularly spaced pomts 111 a gnd that covers 

present and possible future contarmnant plumes Radium 226 bmum and manganese have been 

idenufied as the only COCs m groundwater W E  1995a) 

5 3 1  3 Design 

Buned ash and debns in OU 5 are potenttal sources for groundwater conmunabon The base elevauons 

of some of these sources are located above the water table and are separated from the water table by 
unconsolidated surfkid matenals (such as colluvium) Consequently some contamrnant movement is 

through unsaturated m a t e d  above the water table (vadose zone) and the renuunder of the subsurface 

transport pathway is w i h n  the saturated zone For the purposes of the present modellng numerical flow 

and transport modelmg was used to sunulate contarmnant movement below the water table 111 the 

groundwater system A onedunensional solute transport modeling code was used to represent 

contarmnant transport above the water table (1 e the vadose zone) 

Groundwater flow and contarmnant transport modehg are combmed to 
produce a represenmon of contarmnant movement m a subsurface system Computef codes that perform 

the modeling are commonly called models Many types of models are avadable MarhematrcaI models 

range from the solubon of simple equations to very complex computer programs In general the greater 

the complexlty of the model the closer its behawor approaches that of the actual system (Javandel 1984) 

Therefore more complex mathematml models tend to produce better esumates of the actual behavior of 

the system than simpler mathemaucal models The physical systems and processes can be more 
completely represented m complex models The selectton of a mathematrcal groundwater model IS pded 

by the complexlty of the actuai groundwater system, the amount and quality of data avalable and the 
degree of represenmveness needed Model selecuon for OU 5 is &sassed m detatl m TM13 (DOE 

1994b) 

Selection of the Groundwater Flow Model The OU 5 groundwater system IS complex There is a large 

amount of data for the groundwater system and a good representauon of the groundwater system is 
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appropnate due to the importance of the HHRA The nsk assessment may be paraally based on the results 

of groundwater modelmg Consequently a complex mathemaucal model was selected for simulauon of 

the groundwater flow system 

The complexity of the groundwater flow system is caused by the followmg site condruons 

Locauon of the IHsSs on the slope of a valley wall where the surflcial matenals rnclude 
heterogeneous colluvium landshde deposits and art~ficial fill which result m a w~de range of 
hydraulic conductivity along the flow path 
Groundwater flowing downlull along an uregular bedrock surface 

some areas where the bedrock surface is consistently above the water table 
, 

Complex water table configuratlon and 

0 Areal vanatlon of groundwater recharge rate as mdicated by drfferent vegetauon types 

A complex numencal modelmg code MODFLOW was selected to simulate the complex groundwater 

flow system in OU 5 MODFLOW is a widely used fimtedlfference modehg code developed by the 
U S Geological Survey (USGS) (McDonald and Harbaugh 1988) The simulated geologic medium IS 

discretued mto rectanmlar volumes (cells) 

Selection of the Contaminant Transport Model The complextty of the factors a f f m g  contarmnant 

transport m the groundwater system is rndicated by 

The megular shape of IHSS 115 (Onpal Landfill) 

The megular distnbuuon of contammatron in the groundwater and sods and 

The vanatron of contamrnant concentrauons 111 groundwater and soils 

The numencal modelmg code selected to slmulate the complex transport of drssolved contammants in the 

groundwater system was MT3D (Papadopulos and Assoc 1992) Thn code places rmaglnary parucles 
mto the flow system simulated by MODFLOW The pmcles are generated in cells that represent 

contamtnant sources Muluple cells may be used to represent large irregularly shaped sou~ces Each 

pmcle represents a certatn mass of contarmnant These partlcles move with the groundwater MT3D can 
simulate vanable rates of contarmnant supply at the source The contauunaut mass represented by 

parucles m a cell at any given &me may be converted to a correspondmg contarmnant concentrauon 
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Selection of the Vadose Zone Model The computer code selected to simulate the transport of 

contarmnants downward from a buned source through the vadose zone to the water table was ONED 3 
(Beljm and van der Heijde 1993) This code is a one dimensional solute transport model whch uses a 

mass flux boundary condiuon at the upstream end of the model (Javandel 1984) "Ius simple 
representauon of contarmnant transport in the vadose zone is conservauve because it represents the 

shortest possible pathway to the water table It is compauble with the amount and quality of relevant data 

that are avalable for the vadose zone in OU 5 Although the actual OU 5 vadose system is complex a 
hgh degree of represenmveness is not needed to produce conservatwe results 

October 1995 

m o d e  V- MODFLOW has been successfully applied to many complex flow problems 

and is a widely used and well documented fmte dfierence groundwater flow model supported by the 

USGS Venficauon of MODFLOW has been performed by comparmg the numencal results with 
analyucal soluQons to the parual dfferenual equauon for groundwater flow through porous media 

(Anderson 1993) MT3D venficauon is descnbed in Chapter 7 of the users manual (Papadopulos and 

Assoc 1992) 

5 3 7 4 Groundwater Flow Model 

The precedmg secuons used the term model to refer to computer codes Th~s secuon will use model to 
refer to the actual simulauon of OU 5 condibons produced by using MODFLOW Usage of model is 

revealed by the context 

Groundwater flow m the numencal model is treated as steady state The steady flow 

assumpuon significantly reduces the calibration effort compared to simulatmg transient flow and 

attemptlng to calibrate agamst tune varymg heads Furthermore steady flow mode!hg reduces the 

amount of mput reqwed by MT3D 

The long term behavior of the groundwater system is adequately represented by steady comhtrons 
because transient short term fluctuauons 111 the configurauon of the water table will not signrfcantly affect 
the long term movement of contarmnants Only long term movement is relevant to risk assessment 

involving future COC concentrauons in groundwater 
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W The model gnd (Figures 5 5a through d) is extensive enough to mclude ali of the IHSSs m OU 5 

that were found to contam contamtnants d m g  the OU 5 RFI/RI field mvesugatlon The gnd mcludes the 

reach of Woman Creek that passes through OU 5 and is aligned with the course of the creek Woman 
Creek receives groundwater inflow durmg high water table stages and may carry contarnurated 
groundwater downstream mxed with surface water from other sources The gnd also mcludes local 

features that could affect the groundwater flow system includmg the SID and Pond C 2 The French dram 

on the 881 Hrllside is included as a no flow boundary 

The grid contam only one layer which is sufficient to represent groundwater flow m relatrvely permeable 

surfcial matenals above the relmvely impermeable claystone bedrock surface Bedrock 15 the 
undifferenuated Arapahoeand Lararme Formauons which contam sandstone lenses however no 

sigmficant hclaress greater than 5 feet of permeable sandstone was found in contact with the s d i a a l  

matenals in OU 5 boreholes Therefore no representauon of Arapahoe Fornubon or Laramre Formaurn 
sandstone is mcluded in the model 

The gnd s p m g  near the IHSSs that are potenual sources of groundwater contarmnatlon is 50 feet. The 
spacrng is increased to 100 feet elsewhere m the model In accordance with accepted pracuce a 

transittonal spacmg of 75 feet is used between the small and large cells (Trescott, 1976) Usmg larger 
cells m the penpheral parts of the model has little effect on the model results Contamwtnt sources and 

plumes are not located m these areas so small cells are not needed for demled solute transport analysls 
Hydraulic conducuvity zones with dunensions less than 100 feet are not relevant and may be treated by 

usmg equivalent hydraulic conducuvitles (Freeze and Cherry 1979) apphed to 100 foot distances 

The undifferenhated ArapahoeLaramie Formauon (claystone bedrack) underlymg the 
surfcial matenals is relatlvely mpermeable (EG&G 1995a) Consequently the base of the model was 

treated as a no-flow boundary The bedrock surface is uneven so h s  boundary is uneven 

The model is composed pnmanly of actlve cells which represent the part of the model where groundwater 
movement is simulated The lateral boundanes of the acuve cells are shown in Figures 5 5a through d 
The boundanes approxtmate the OU 5 boundary on the north and west sides of the model The eastcm 

boundary was placed so as to mclude effects of Pond C 2 and the Woman Creek &version on groundwater 
flow to Woman Creek 
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The south boundary of the actlve cells follows Woman Creek west of Pond C 2 Tlvs boundary is a 

groundwater diwde and is simulated as a constant head boundary Thls type of boundary is smtable 
because the average u ater table elevauon at Woman Creek is withm the lwted range between the creek 

bottom and bedrock This lirmted range is mdmted by average water level elevwons m momtormg wells 

located near the creek It is also mdicated by a seepage study that showed Woman Creek withm OU 5 to 
be losing water most of the year (Fedors and Warner 1993) 

hual ly  the actlve part of the model gnd extended to the south of Woman Creek and the creek was 

represented by the MODFLOW nver package However early model runs were not successful because the 

water table beneath Woman Creek is too close to the bedrock surface Consequently some cells at Woman 
Creek became dry d m g  head oscillatrons whde model runs were convergmg even when underelaxauon 

was used This problem was solved by usmg constant heads in the cells followmg Woman Creek 
Because no contmnant sources are known to be present south of Woman Creek the southern part of the 

model became extraneous and these cells were macuvated 

Most of the r e m m g  boundary of the acme part of the model is represented by constant heads because 

water levels at a boundary can be more accurately esumated than flux or a proport~onahty constant for the 

general head boundary package Esumauon of the constant heads at boundanes is facditated because the 

water table must be withm the thm s&icial deposits Furthermore heads are mdtcated by some 
momtomg wells that are present near the model boundanes 

No flow boundanes we re used where the model boundary is parallel to the water table gradient. A no 

flow boundary also folYows the French dram on the 881 Wlside The dram is treated as completely 

effectlve m preventmg downslope movement of groundwater 

Bedrock Elevatlon Bedrock elevauon throughout the OU 5 drea was mapped usmg bedrock surface data 

from boreholes In areas of sparse coverage the hckness of surficial matenals and the confguratron of 
the land surface were cmsidered when mterpreung the configurauon of the bedrock surface The model 

behavior is very sensitlve to bedrock configurahon because water flows dowdull on the bedrock surface 

Consequently bedrock elevations supplied to the mdividual cells were transferred ftom the bedrock map 
(Figure 3 5) to the MODFLOW input file by hand to avoid any unrealishc values that mght be generated 
by software interpolatlon and extrapolauon 
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Zones of 111ihal hydraulic conductlwty corresponded to the areal dstnbutlon o f  

units on the Surficial Geologic Map of the Rocky Flats Site and Vicuty  (Shroba and Carrara, 1994) Five 

surficial matenals are mapped withm the acuve model area. They are landshde deposits colluvium 

Rocky Flats Alluwum. Piney Creek Alluwum and aruficial fill Landslide deposits and colluwum were 
lumped together m the miual hydraulic conductivity zones due to thew simlar ongin and texture 

Consequentlv there %ere four zones of  iniual hydraulic conducuvity as shown on Figures 5 6a through d 

The imtlal esumate of hydraulic conducuwty for the zones represenung colluvial matenal and arhficial fill 

was 0 0029 feet per dav (ftlday) which is in the range of conducuvity values for a slit mamx (Freeze and 

Cherry 1979) Shroba and Carrara (1994) descnbe the colluwal deposits as silty sand sandy silt, clayey 

silt and siltv clay The textural composiuon of the fill is simlar to the colluvium and landslide deposits 

The imtlal esumate of hydraulic conductlwty for the Rocky Flats Alluwum was 2 6 ft/day whch IS wttun 

the range o f  values reported for pumpmg tests and slug tests adjacent to OU 5 (about 0 005 to 8 8 A per 

&Y) 

The mit~al esurnate of hydraulic conductlwty for the Prney Creek Afluwum along Woman Creek was 34 6 

ftlday Th~s value is based on the geomemc mean of  late match drawdown 111 a delayed yeld analysis of 

test data from a well near Woman Creek west of Pond C 1 @oty and Associates 1992) 

No site speclfrc recharge studies are avadable to prowde hard data for recharge estlmates for 

OU 5 Consequently recharge was mated as a calibrauon parameter for OU 5 modelmg Prewous 

modehng studies at the Site have used recharge values ranging from 2 96 mches per year to 2 25 mches 

per year (DOE 1993k EG&G 1993b EG&G 1994f Fedors aad Warner 1993 ICF Kaiser 1993) 
However mual recharge estunates were made to begm the calibrmon with reallstic recharge zones and 

relauve recharge rates The uhal recharge zones were based on vegetauon types shown on the Rocky 

Flats Plant Vegetauon Map (DOE 1992c Figure 3 2 3) h u a l  recharge eShmates are presented 111 Table 

5 1 These estlmates are based on precipituon mnus consumpuve use for the p o d  from May 1993 

through Apnll994 wtuch is the penod used to calculate the water table cahbrauon targets descnbed 

below Precipitation at the Site for the penod was 14 73 inches (EGBrG 1993% 1994c) The monthly 

distnbuuon of  the precipimon is shown 111 Table 5 2 Figures 5 Sa through d shows the uuual allocat~on 

of recharge rates to the model grid Posiuve recharge rndicates mflow to a cell Negatwe recharge 
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mdicates outflow from a cell and represents net extractton by phreatophytes The uncertatnty associated 

with these recharge rates is large and they were changed dunng the model cahbrauon However relative 

rates associated with the vegetauon types were retuned 

The Blaney Cnddle Method was used to esumate consumpuve use for the mUal esumates of relative 

recharge because the method is well established and documented In m u o n  Blaney Cnddle 
consumpuve use coefficients have been published for many vegetaaon types mcludmg natural vegetauon 

types that occur 111 sem and regions Applicability of the Blaney Cnddle Method at the Site was 

invesugated by companng potenual evapotranspirauon (PET) calculated by the Blaney Cnddle method to 

PET calculated by the more elaborate Penman Method when Site climatlc data are used. The Penman 
calculauons were made by Koffer (1989) The Blaney Cnddle calculauons were made by employrng the 

consumpuve use coefficients for short green grass (Quackenbush and Phelau 1965) Resuits are shown m 
Figure 5 8 The plots for monthly PET are simdar for the two methods except for an unexplmed atypical 

data point for the month of May in the Penman m e  

The consumpuve use rates calculated by the Blaney Cnddle method for the p o d  May 1993 through 
Apnl 1994 are shown on Table 5 3 These calculated rates correspond to water used by plants that are 

relauvely well watered However much of the modeled area is a south facrng hllside that becomes dry m 
the summer The gasses wdt and turn brown mdicaung the development of a soil moisture deficiency 

Expenments with gasses at Fort Collrns Colorado have shown that grass rem- green when mgated at 

about 50 percent of the Blaney Cnddle consumpuve use rate aud conunues to hve when m 0 1 ~ t . u ~  supply 

is only about 20 percent of that reqwed for opumum growth (Quackenbush and Phelan 1965) Usmg ths 

behamor as a gwde a medial value of 33 percent of the calculated consumptrve use rates m the dry 
grassland areas was used as a rough approxlmatlon of actual consumpuve use Consumpuve use by 

phreatophytes calculated by the Blaney-Cnddle Method was adjusted upward (three percent mcrease) 

This adjustment is consutent with the slightly hgher PET calculated by the more elaborate Penman 
equauon for July through m d  September (Figure 5 8) 

When recharge rates shown m Table 5 1 are compared to the precipitauon distnbuuon m Table 5 2 and 

potenual evapotranspnuon shown on Figure 5 8 they suggest that groundwater recharge for the 

dommant dryland \ egemon types may represent a large proporuon of preapitatlon d u n g  the part of the 
year when evapotransplratlon rates are low Thts calculated amount of recharge seems plausible however 
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it could be greater than actual recharge because the soil molsture deficiency developed between 

precipitauon events m the growing season is unknown 

The hydrographs shown m Figure 5 9 are m general agreement with wmter/spnng recharge They show a 
tendency to have low water levels m the summer and a nse 111 water levels b e g m g  sometlme m the 

September to December mterval Well 38793 is an excepuon It shows only a slight nse by March 
suggeshng a more delayed response to recharge Actual recharge is unlikely to be much greater than the 

miual recharge esumates because the mual recharge approaches the measured amount of spnng 
precipitauon 

Due to large values of PET (Approxtmately 40 mches per year ([Fedors and othexs 19931) the recharge 
rates at the Site are probably considerably less that the spnng precipimon Prevlous documented studm 
contam lower esumates of recharge Due to the uncertarnty m the recharge esmate it was considered as a 
calibrahon parameter subject to restrucuons obtamed from prewous modehg studres 

Callbratlon Development of the groundwater flow model mcluded calibrauon to represenmve water 
levels measured m momtonng wells Cahbrauon mvolves modifying model vanables that are not 

accurately known In the present model these calibrauon vanables are hydrauhc conductlvity and 

recharge rate Modrficauon of bedrock elevauon and boundary heads was also necessary in some cells 

where they had not been measured The vanables are changed in successive tnal computer runs und the 

field measured hydraulic heads are adequately approxlmated by the model The vaiues assigned to the 
vanables must be wirhm the ranges appropnate for the hydrologx and geologic condrtions of the area. 

Calibrauon does not produce a w q u e  soluuon to the problem of representmg the actual system, because 

more than one combmatlon of parameters may cause hydraulic heads to be approxrmated equally well 
However d adequate constramts are applied to the values of the vanables calibmon can produce a 

realisuc soluuon for a complex problem. The representativeness of the soluuon may be judged by 
compmson of values assigned to model vanables to measured values rn the model area and to values 

reported m the scienufic hterature for slrmlar subsurface matenals and recharge condrttons 

If sufficient data are avalable the predxuve capability of the model may be validated by testmg its ability 
to prehct heads that were not mcluded m the calibrauon In the present case insufficient data are 
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avsulable to test the predictive capability of the flow model However an analysis of uncertmty in the 

contammant concentrauons predicted by the llnked flow and transport model was performed 

Calibration Targets Selectton of calibration targets involved identlfvlng a penod when water levels 

were representauve and water level data were relauvely abundant The penod selected was May 1 1993 

to Apnl30 1994 Long term precipitauon data from the Boulder Colorado stauon ( N O M  Natlonal 

Climatic Data Center) shows that precipitauon m 1993 was normal (Figure 5 10) PrecipitaUon data for all 

of 1994 are not yet avadable Momtonng well hydrographs also indxate normal hydrolopc condmons m 
1993 1994 (Figure 5 11) Most of the ensting monitonng wells and wellpoints m OU 5 were mstalled m 
1993 and water level measurements from these wells and wellpoints are avadable for the penod fiom May 

1993 through Apnll994 

Target water levels are restricted to those wells screened 111 the surficial matend and that record water 

levels above the bedrock top throughout the selected penod Wells that satisfied &IS restnctron were 

wells 5686 6586 7086 51 193 58793 59493 and 59593 The locat~ons of these wells are shown on 
Figure 5 5A Average water levels m the wells for the selected penad were used as the target water levels 

Hydrographs displayed in Figure 5 9 show the degree of representatlveness of the avenrgc water level for 
the selected penod Departures from the mean are generally less than two feet and the mean is not affected 

by extreme values Wells that were consistently dry throughout ths penod were also considered m the 

calibratton Consistently dry wells were 50192 50292 and 61293 Calibratmn mcluded prodwmg dry 
model cells at these well locauons 

Most of the water level data m the OU 5 area are from wells and wellpomts that do not satlsfy the cntena 

for target water levels However data from these wells were considered Setnt-qUaUhtatIVelY 111 the 

calibratton by calculatmg average water levels regardless of the period represented or the number of water 

levels aviulable Dry measurements were! not mcluded m the average These averages were! treated as 

secondary mnformat~on for idenufymg any further modifications that should be made m model variables to 
obtsun agreement with all avadable data. 

Calibrarion Procedure The general cahbrauon procedure was to start wth imtlal estrmates of the 

calibrauon parameters (hydraulic conducuvlty and recharge) and mmmze deviaons from them. Water 
level elevauons on the hdlslope were found to be sensiuve to bedrock configuraon and boundary heads 
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and some adjustment from irutlal esumates m certatn cells was also requmd The mhal estlmates of 

values lor the cahbratlon parameters were based on analysis of avalable cllmatologic hydrologc and 

geoloeic data This calibrauon procedure is equivalent to estlmatmg the parameters of the groundwater 

flow s\ stem and then improwng the estlmate via model calibrauon If sufficient site specific data are 

avalable for the calibrauon parameters (hydraulic conducuvity and recharge) and geologic controls 

(bedrock elevauon) the expected result is a realistlc model 

The first phase of the calibrauon involved adjusmg parameter values to produce calculated water levels 

below land surface elevauons throughout the model Model parameters were adju~ted after successive 

modehg runs untll all heads were below land surface elevauons Boundary condihons were also altered 

d u n g  the first phase of the calibrauon The southern boundary of the model consisted of constant heads 

m the southernmost row of the model with Woman Creek simulated by the MODnOW nver package 

Howe\ er as discussed in Sechon 5 3 1 4 some river cells contamed bedrock elevatlons esumated at only 

a foot below the streambed elevatlon These cells converted to dry cells pnor to complehon of the 
modehg run The dry cells produced by the numerical process resulted 111 untealuhcally hgh calculated 

heads north of Woman Creek When riverbed conductance (capacity to transmrt water) was increased to 

prevent the conversion to dry cells the model did not converge Consequently cells along the course of 

Woman Creek were converted to constant head cells to obtam better results Cells south of Woman Creek 
were mcuvated For cells along reaches of the creek that lose water most of the year the head was 

miuall\ set 0 5 feet below the stream bottom elevauon For cells dong reaches classified as gauung the 

head u as ~ruuaIIy set 0 5 feet above the bottom elevauon Ganmg and losing reaches were based on 

results of an infiltrauodexfiitrauon study conducted from December 1991 through October 1992 (Fedors 
and Warner 1993) Setung heads 0 5 feet beiow the elevauon of the stream bottom is consistent wrth a 

field search that revealed no bedrock exposed at the stream The u h a l  constant heads were subject to 

change d m g  subsequent calibrauon runs if necessary to adequately simulate heads measured m 
observauon wells near the stream 

The change of the southern model boundary condiuon did not represent a sipficant change 111 

representauveness and usefulness of the model The change elirmnated nverbed conductance as a 

calibrauon parameter that would have to be adjusted to produce heads 111 the nver cells Instead heads 
were supplied dlrectly as a constant head boundary Groundwater flow south of the creek is not needed for 
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solute transport analysis because no contarmnant sources were idenufied there by soil bomgs d u n g  the 

OU 5 field mvesugauon 

Addibonal convergence problems were caused by cells converting to dry cells dunng the modelmg runs if 
the wettmg capabihty m the BCF2 package was lnacuve However when wettmg capainlity tn BCF2 was 

acuvated weddry oscillauons were produced. To elimtnate this oscillauon, BCF2 wettrng was inacuvated 

and extreme under relaxatlon (dampewg of head oscillauons) was used in the model to prevent dryng of 

cells early in the simulauon run Calculated heads near dry cells were mspected on spreadsheets dunng the 
calibrabon process When dry cells produced by calibrauon runs were not reahsuc and caused adverse 

effects on the calibrauon model parameters were modified to increase flow to these cells 

Durlng the fmt phase of calibrauon h y d r d c  conducuvity ln the imual zone 1 (colluvium and landslide 
matenals) was mcreased from the mud value of 0 00288 ft/day to 7 0 ft/day west of Pond C 2 and to 

1 152 feet per day east of Pond C 2 Zone 2 (fill) was mcreased from an mual value of 0 00289 fdday to 

0 185 ftlday These increases m hydraulic conducuvlty are withm the range expected for these matenals 

These changes reduced heads m bllslope areas throughout the model A new zone was created from zone 
1 east of the Woman Creek &version around Pond C 2 to reduce heads east of the pond The hydraulic 

conducuvity mually assigned to thu zone was 5 76 ft/day Heads east of Pond C 2 were also reduced by 

extendlng the mual zone 4 (alluvium) to cover alluvial matenal shown on a worms eye map of geologic 

matenals present at the bedrock surface (EG&G 1995a) In adduon constant heads along Woman Creek 
east of Pond C 2 were reduced to 0 5 feet above bedrock Other m o r  adjustments were made to bedrock 

elevaUons and constant head boundanes to reduce water levels below land surface tn local areas 

Hydraulic conducuvity m the zones represenung colluvium landslide matenal and fill was adju~ted 

further m local areas 

Dmng the first phase of calrbrauon the eEecuveness of reducing recharge to reduce heads was tested by 
semng recharge zones 6 8 and 9 (grassland and disturbed areas on the bllside) to zero The effect on 
water levels south of the east end of the Onpal Landfill near cell (17 51) (row column) showed that 

although the head in the cell (17 51) was reduced by 6 feet it was st1112 feet above the land surface It was 
necessary to lncrease hydraulic conducuvity ln the area to reduce the head to below land muface 

Because h s  test showed that recharge adjustment was less effecuve for calibratlon than varymg hydraulic 
conducuvity recharge was subordmated to hydrauhc conductlvity as a calibrauon parameter 
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The goal of the second phase of the calibratlon was to reduce deviahons of calculated heads from target 

heads and to produce dry cells where morutormg wells are consistently dry Thls phase pnmmly mvolved 

local adjustment of hydraulic conduchvity to rase or lower calculated heads correspondmg to mdividual 

target heads In adhtlon constant heads were adjusted along some reaches of Woman Creek and locahzed 

sectlons of the northern boundary Phase 2 produced a model u1 which all interpolated heads were urlthm 

a half foot of heads m target wells and dry wells were represented by dry cells Thrs is a hgh degree of 
calibratlon The root mean squared residual is 0 22 (Table 5 4) whereas a good cabbratton would only 

requlre the statlsuc to be less than 2 0 This calibratlon cntenon is based on the dunensionless error 

vanance measure of goodness of fit (Cooley 1977) and calibrated models dembed m Anderson and 

Woesener (199 1) 

The third phase of the calibratlon was a refinement in which water level informatton from mscellaneous 
wells and wellpoints was used to check the representauveness o f  the model Data from an add1tlonal49 

water level observauon pomts were assembled and average water levels were calculated These averages 

represented different penods mcluded vanable numbers of measurements and did not include mtances 

when wells were reported to be dry Although such mformauon at any pomt does not necessanly prowde 

a good representauon of long term water levels the model should be compattble with them 
Consequently the averages were placed m a Headcompare (Papadopulos & Assoc 1993) mput file as 

secondary observed water levels Interpolated model heads were compared to these secondary water levels 

to identlfy observahon pomts where model heads were not compahble with mscellaneous observauons 

One point of incompaubility was at well point 62893 m cell (6 83) whch measured water levels rn a wet 

area This wet area is beheved to be caused by an impedance to groundwater flow from downslope 

decreases m hydraulic conductlvity Simulated heads were too low at h s  locahon and hydraulic 

conduchwty was decreased m a new zone downslope to reflect the probable cause for the wet area New 

hydraulic conductwity zones were also mtroduced to obtam better model results by mcreasrng water levels 
m the vicmty of well pomt 52193 m cell (20 34) and well point 53292 m cell (12 72) and by decreaslng 

water levels near well 52693 in cell (14 62) 

Constant heads at Woman Creek were changed near wellpoints 53593 53993 and 54793 m cells (21 96) 

(13 107) and (8 135) respecuvely to reflect their proximity to the creek. Addtlonal mscellaneous 
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changes in constant heads and local hydraulic conductlwues nere necessary to mamta~~~ calibratlon 111 the 

target wells and deal with rmnor calculated head incompaubhues with the secondary data pomts 

The thud phase also involved improvlng the agreement betueen model hydraulic conductlviues and 

hydraulic conductiviues from aquifer tests that were conducted u i h n  the actlve area of the model The 
hydraulic conductlvity in cell (13 68) was reduced from 7 0 to 6 0 ft/day to o b m  agreement with a slug 

test rn well 59593 Hydraulic conduchvlty near well 51 193 was changed to 15 ft/day whch agrees with 

pumping test results and treats the cells as being trausiuonal between nearby cells that were 34 S a n d  7 0 

ft/day The trausitlonal nature of th~s area could be caused by the presence of alluwum m the area covered 

by the cell The thud phase produced a well-calibrated model however the hydraulic conductlwty of 

much of the colluvium that covers a large part of the model area remamed at the hgh  value rntroduced m 
the first phase of the calibratlon 

f igh values for hydraulic conductlvity were used to reduce water levels at h s  early calibrataon stage 

because reducmg recharge rates to zero &d not produce adequate water level reduction. The fmal phase of 

calibrauon was an adjustment so that hydraulic conducuvity 111 the colluvium agreed with pumpmg test 

results obtamed from colluvium on the 881 a l lude  (there were no successful pump tests fdr colluwal 
wells w i t h  the acuve model area) The 881 Hdlside is located north of the mddle part of the acuve 

model Much of the colluvium 111 the model remamed at the value of 7 0 Wday set m phase one of the 

calibrauon However the average hydraulic conductlvity for drawdown recovery tests reported for the 
881 fillside is 0 95 fdday To bmg hydraulic conductlvlty of colluvium in the model mto better 

agreement with th~s value hydraulic conductlwtles throughout the model were &wded by 7 0 to bnng the 

large areas of colluvium down to 1 0 Wday All recharge values tn the model were also &wded by 7 0 to 

m a m w  the calibratlon The resulmg recharge values were sull w i b  the range of possible values 

because uncertamty associated wth the mhal values was large A few add~honal changes m model 

hydraulic conducuvity values were made to mamtam agreement between model hydraulic conductivity 
values and pumpmg test results withm the acuve part of the model Mmor adjustments UI model 

parameters were also made at ttus ume Some boundary heads were changed to bnng them mto better 

agreement with momtomg well data and hydraulic conductlmtles and recharge rates were changed m a 

wet area near the east end of the Onpal Landfill where parucle traclung mdicated that the shape of a 
hydraulic conductlvity zone was not natural The resultmg hbdraulic conductlviues and recharge rates 
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were stlll witfun reahstlc ranges throughout the model and this result was accepted as the calibrated flow 

model 

Calibration Results The degree of calibraoon produced by the modelmg is mdicated by Table 5 4 The 

maximum residual for target water levels is 0 27 feet The degree of correspondence between calculated 
heads and secondary water levels is shown by Table 5 5 The largest absolute residual for a secondary 

water level is 6 54 feet for well pomt 60693 This well pomt is only 78 feet from well pomt 60593 whch 

has an absolute residual of only 1 12 feet These wellpomts have only two water level measurements each 

and are m an area with a relatlvely steep slopmg land surface Well 63093 has a residual of 6 46 ft It has 

only two measurements and is 82 feet from well 51493 which has 10 measurements and an absolute 

residual of just 0 20 feet Well pomt 54193 has an absolute residual of 5 70 feet. It is only 28 feet from 

54093 whch has an absolute residual of just 0 35 feet. Both 54093 and 54193 are m the same 50 x 100 

foot model cell The model is not mtended to represent such small scale hydrologic features Well pomt 

62793 has an absolute residual of 5 20 feet Its water level is based on only two measurements taken at 

about the same tlme The well is along the same topographrc contour as well 59793 whch is about 75 

feet away and has a residual of 2 48 Because one of the calculated water levels is hgher than the 
measured one and the other is lower than the measured one the model results are reasonably 
representauve The remamder of the residuals for secondary water level data rndcate that the model 

results are compatible with the secondary data considenng the data distnbuuon m space and time 

The final distnbuuon of hydraulic conduchvity values m the model is shown on Figures 5 12a through d 

and Table 5 6 A detruled map of hydraulic conductlvity is in Appendm F The mtlal four zones of 

hydraulic conductlvity whch ranged from 0 00288 ft/day for colluvial and landshde material to 34 56 

ft/day for alluvlum evolved mto 25 zones rangmg from 0 014 ft/day m a heterogeneous area in the south 

central part of the Ongrnal Landfill to 29 Wday for alluvium east of Pond C 2 

The fmal range of hydraulic conductlvlty m colluwum and landslide areas is 0 0357 to 28 6 Nday The 

calibrated value of 2 86 and 0 063 Wday were applied to zones in the vtcmty of Ash Rt IHSSs 133 1 and 

133 2 respectlvely As previously stated most of the colluvium and landslide area m the model was 
assigned a hydraulic conduchwty of 1 00 ft/day These values for colluwum are m the range of expected 

values for silt and silty sand given by Freeze and Cherry (1979) and are compatlble with the descnpuon of 
the colluvium In addihon hydraulic conductlvitles correspondmg to alluvial matenal were expanded into 
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the area onginally treated as colluwal a d  tandskde matenal near W o m a  Creek This expansion suggests 

that alluvtum IS present beneath colluwum at a few places near the creek The final range of hydraulic 

conducuvity in aruficial fill was 0 0143 to 0 929 ft/day which is consistent with some of the fdl 

composed of disturbed and compacted colluvium 

a 

The final range of hydraulic conducuvity of alluvium near Woman Creek was 4 94 to 28 6 ft/day The 
find range of hydraulic conducuvity for Rocky Flats Alluvium was 0 357 to 0 429 

The final bedrock configurauon is shown m Figures 5 13 A through D 5 14 and 5 15 The model was 
sensiuve to bedrock configurauon because the groundwater is flowlng down the bedrock slope through 

thm surficial matenals Recharge zones and recharge rates resulmg from the calibrahon are shown m 
Figure 5 14 and Table 5 7 The simulated water table configurmon is shown 111 Figure 5 15 whch also 

reflects the final constant head values m boundary cells 

The water budget for the model is shown in Table 5 8 The mflow from constant head 

cells is nearly all from the cells along the northern boundary of the model and represents groundwater 

from upslope areas Thls conrnbuhon is from groundwater f l omg  along the bedrock surface that slopes 
southward toward the OU 5 area. 

Nearly all outflow to constant head cells is to cells along the southern boundary of the model Thls 
boundary follows Woman Creek and the outflow represents discharge of groundwater to the stream d m g  

penods of high water table when the stream is gatntng It represents an average flow of 0 036 cubic feet 
per second or 26 6 ac ft/year In the real system thts water would evaporate from Ponds C 1 and C 2 or be 

camed around Pond C 2 by the Woman Creek &version Actual discharges for Woman Creek m the Pond 
C 1 and C 2 area range from about 300 to 1975 acre feet per year correspondmg to 0 4 to 2 72 cubic feet 

per second (AS1 1991) The stmulated water budget represents a rmnor contnbutlon to Woman Creek 

flow 

Results of particle trackmg are shown 111 Figures 5 16a through d The partxle trackmg 
was performed usmg MODPATH (Pollock 1989) l h s  software uses output from MODFLOW to 

compute the path and rate of movement of water from selected source locmons Although parucle 

trackmg does not mclude the effects of dspersion it provides a good overmew of the nature of the flow 
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system and potenual rate of contamtnant movement It IS helpful 111 idenufymg the sources for 

contaminants observed in groundwater and provides imual mformauon on the rate of contarmnant 

movement 

humates of effecuve porosity must be supplied to MODPATH u1 addiuon to the output from 

MODFLOW The effecuve porosity esttmates used to produce the parucle tracks are shown on Table 5 6 

They are based on a general relauonshp between specific yeld and hydrauhc conducmty (Luthm 1966 

Figure 10 10) Specific yeld is slmrlar to effecuve porosity (Fetter 1980) Effecuve porosity 111 each cell 

of the model was detenntned by the hydraulic conducuvity m the celI As shown m Table 5 6 these 

effecuve porosiues ranged from 0 01 for the lowest hydraulic conducuvlty (0 0143 Why) to 0 19 for the 

highest hydraulic conducuvity (2 86 fdday) 

The parucle tracks show that the groundwater flow rate is vanable throughout the model area and that 

paths are deflected around areas of relauvely low hydraulic conductmy Pond C 2 captuns groundwater 

from sources to the west of the pond Groundwater ongmatmg east of Pond C 2 mcludmg seepage from 

the Woman Creek Diversion moves toward Woman Creek where it exlts the eastern edge of the model 

5 3 1 5 Solute Transport Model 

CWs m Groundwater In order to assess the potenual nsk to human health from exposure to OU 5 

groundwater consutuents of the groundwater were evaluated as potenual chemcals of concern TM11 

(DOE 1995a) defines COCs as metals or tadlonuclides whose concenvatlons exceed background 
concentrattons and orgmc chermcals present at levels greater than analyucal detection lmts 

groundwater consutuents were idenhfied as COCs for OU 5 mcludmg five metals and six rachoactive 
elements (DOE 1995) They are alurmnum bmum manganese vauad~um beryllium, amtncium 241 

plutomum 239/240 radmm 226 urmum 233/234 urmum 235 and urmum 238 Further discussion of 

the COCs and the methods of thew selecuon are provided in TMl 1 @OE 1995a) 

Eleven 

Target Wells As potenhal cahbrauon targets for solute transport modeling OU 5 wells were evaluated 

with respect to the eleven COCs Only 1993 analyucal data were used m thu evalumon corresponding to 
the tlme penod selected for the flow model calibrauon All analyucal data for d~ssolved conshtuents u1 

groundwater collected from OU 5 RFI/RI wells were reviewed for occurrences of the COCs Of these data 
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results flagged as rejected (R) laboratory replicate (LR) field blank (FB) trip blank (TB) and  sate were 

removed from the data set. Addittonally duphcates were averaged with the correspondmg real samples 
and all results listed as non detects were set at values of one half the detectton lmt (DOE 1995a) To 

detect the presence of a COC in concentrattons that sausfactorily set it apart from the background 
populauon well mmma for each COC were screened for values above background mean plus two 

standard devimons Thls screemug provides a means of idenufymg chermcals that arc present m 
concentrattons greater than most of the background populmon and whch therefore may reflect actual 

contarmnauon The screenmg procedure resulted in the identtficauon of h e  COCs bmum, manganese 

and radium 226 The eleven COCs the screenmg values the well means and the results of the screemug 

procedure are presented III Table 5 9 

Inspecuon of the 1993 data for the COCs showed no general rrends 111 

concentratton over ttme (Table G 1 Appenhx G) Dunng h s  relattvely short penod the observed 

concentmuon 111 each well was sufficiently stable that any general temporal trend that may enst was too 

small to separate from the scatter of the data The scatter of the data at each well may be caused by many 

factors mcludmg short term vanauon m groundwater recharge rate vanmon m soufce concentrahon and 
geochemcal vanability of the aqufer system combmed with temporal vanauon 111 flow &rection and rate 

In such aqufer systems the populatton of random vanattons m concentrmon at an observation pomt 
mght be expected to be approximately normally dismbuted about a central value (Mood and Graybill 

1963) Th~s central value (populauon mean) is the most representauve value because concentrahons near 

this value wiil be most frequently observed Because a sample mean is an unbiased esumate of the 

populauon mean the mean of observed concentrmons for each c o n t m a n t  at a well was used to generate 

a target value at that well 

The chemical speclfic means from each well were compared to the background mean of that chermcal 

Target concentratlons for each COC were estabhshed by subtractmg the background meatls from the well 

means Those means that were found to be greater than the background mean were used $8 cahbmon 

targets Those that fell below backgrouud mean were considered zero for the purposes of cahbrauon T ~ I S  

second screemng resulted 111 targets for the three COCs This information is presented m Table 5 10 

Borehole logs and completton d e w s  of the target wells 58793 59493 59593 50092 and 51 193 arc 

presented in Appendix H 
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-for COCs In order to idenufy potenual sources for the three COCs the followmg documents were 
reviewed 

0 H~stoncal Release Report for the Rocky Flats Plant, EG&G Rocky Flats Volume I Text, 
Manual No 21100 TR 12501 01 June 1992 Pages SE 1 to SE 14 SW 1 to SW 16 400-1 to 
400 2 800 1 to 800 2 900 1 to 900 2 and 900 10 to 900 12 

0 Health Studies on Rocky Flats Phase 1 Rocky Flats Toxicologc Review and Dose 
Reconstrucuon Task 3/4 Draft Report, C h e m s k  February 1992 

In the secuons reviewed in the Hutoncal Release Report (HRR) (EG&G 1993) there IS no menuon of 

spills or releases of radium 226 banum or manganese or chemcals contamng these constttuents There 
are however several references to depleted urmum sources whch may account for the presence of 

radium 226 

Neither bmum nor manganese are contamed 111 the list of matenals of concern as selected m Task 2 of the 

Health Studies on Rocky Flats Manganese is not referenced anywhere m the HRR. However bmum is 
menuoned once m the document as banum chromate listed on the 1988/89 mventones of the chemcals for 
buildmgs 559 and 771 One pound was reported m a utllity room m Bmldmg 559 and another pound was 

reported in Room 180F in Buldmg 77 1 

From this review no dismct sources of banum or manganese have been identlfied It appears unlikely 
that the banurn chromate located in the buldmgs in 1989 would be a possible source of banum However 

if its earlier presence on site were undocumented that occurrence could be a source No source of 

manganese related to plant operauons was idenufied 

IHSS 115 The three COCs m the Orrgmal Landfill (MSS 115) wells appear to be related to the same 

source the northernmost former filter backwash pond Pond 6 (IHSS 196) Wells 59593 and 59493 are on 
the same pamcle track (Figure 5 16) ongmaung at the site of the former pond Well 59493 has a mean of 

1 03 pCdI for radlum 226 and well 59593 has a mean of 0 56 pCdl for r d u m  226 These values are 

consistent with the supposiuon that the pond is the source of the radrum 226 and that well 59493 is closer 
to the source than 59593 Th~s relauonshp is also supported in the manganese means of 6 130 &l m well 

59493 and 575 7 ,ugA in well 59593 

Pond 6 is menuoned in a discusslon of the Southwest Buffer Zone Secuon 3 4 of the HRR (EG&G 19921) 

as PAC reference number SW 196 (IHSS 196) the backwash pond for the water treatment planL This 
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pond apparently onglnated as an evapomodsettlmg pond and was used for the backflustung of sand 

filters from the Waste Treatment Plant located nonh of the Ongmal Landfiil 

noted as about 800 feet south of Bmldmg 124 h s  is consistent with TM15 (DOE 1994a) maps but not 

with the HRR map The site of the pond may have ongmally been used as an mcmerauon pit for the 

b w g  of contamtnated waste from Bmldmg 444 and also as a dump site for ashes from the plant 

mcmerator graphte used caushc drums and general trash The area was probably used as a burn pit for 
only one or two years (1952 1954) pnor to the construchon of the evaporauodsettlmg pond between 

January and March 1955 (EG&G 19921) A likely source of the radium is the mcmerator ash denved from 
urmum contarmnated (depleted uranium) waste from Bmldmg 444 although r d u m  226 u not noted 

There is no eshmate of the mass of urmum m the HRR 

The locauon of the pond is 

Well logs from 59493 the well constructed withm the Ongmal Lansill at the south end of the Pond 6 

indicate that landfill debns mcludmg graphte and broken glass extend to withm 1 2 to 2 2 feet above 

bedrock (bedrock at 14 1 feet) The water table was two feet below ground surface dunng d n l h g  m June 

1993 and was five to six feet below ground surface dunng pump testmg m August 1993 (DOE 1994a) 

Thls is interpreted to mean that the source is below the water table The area of tlte former pond as shown 

on 'I'M15 maps is based on aenal photography and is esumated as 45 feet m &amcter and cucular m 
shape The sue is very close to that of the model cell slze m the On@ Landfill area, 50 feet by 50 feet. 

I 

I 

ZHSS 133 The relauonhp of the COCs in well 58793 to a source m the north ash pit of MSS 133 2 is 

supported by the pmcle tracks generated by MODPATH (Figure 5 16) In additton the presence of 

radium is consistent with the hstory of the ash pit, 1 ~ .  that ash bmed m the pit contamed depleted uramum 

(EG&G 19921) and ash sample momtonng m 1956 showed 1 9 grams of depleted uraatum per hlogram of 

ash (1 7 lulogramdton) The south ash pit is not modeled as a source even though target well 58793 is 

located just to the south and downgmhent of the south ash pit The pit docs not show up on a tune 

dornam electromagneuc survey and therefore probably does not contain metal (DOE 1994a) 

Addittonally bonngs m the south trench &d not encounter ash m a t e d  (DOE 1994a) 

The HRR descnbes the pits as trenches 150 to 200 feet long 12 feet wide 10 feet deep and covered with 
3 feet of earth However the HRR also contams documentation of a trench as eight feet deep with s1x 
feet of compacted ash and two feet of earth cover The ash pits/trenches were in use from 1959 1968 

The HRR does not mdicate when each trench was filled but the 133 2 pit is not present m 1966 aenal 

I 
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photography and is present with no apparent overgrowth m a 1969 photograph The trenches were closed 

m 1968 The 133 2 trench was probably opened in 1967 Th~s year wll be used as the tlme of 

contarmnant introducuon to the vadose zone givlng a total transport ume of 26 years to the end of 1993 

(the mdpoint of the modeled penod) 

i 

Logs of boreholes 56893 and 56993 (DOE 1994a) wihn  the trench mdicate that ash is present 2 4 to 7 7 

feet below ground surface (6019 7 6025 0) in 56893 and 4 0 to 8 7 feet below ground surface (6016 3 

6021 0) in 56993 giving an average thickness of fill of 5 0 feet Th~s number is somewhat consistent with 
the trench design fill depth of six feet mentloned above No ash was encountered III the thud of the three 
boreholes in the wench borehole 57093 However the borehole is located along the northern edge of the 

approximately 200 foot long and 40 to 45 foot wide trench depicted on TMl5 maps and may be outside 

of the area c o n w g  waste Based on informauon prowded in the HRR and borehole data the source 

appears to be a volume 175 feet long five feet h c k  and 12 feet wide 

I 

IHSS 142 The target wells for IHSS 142 are wells 5 1 193 and 50092 both located mediately east of 
Pond C 1 dam near Woman Creek Because the wells are downgrachent from the pond, it is poshrlatcd that 

Pond C 1 is the source of contarmnants found m these wells A bomg through the center of the dam 
(Mernck & Compauy 1992) m&cates that the dam is not keyed to bedrock m fact, approximately eight 

feet of unconsolidated m a t e d  underlies the clayey gravel of dam fill strongly suggestmg a hydraulic 

path for contarmnant transport from the pond 

R d u m  226 can be traced back to Pond C 1 as a source particularly because Pond C 1 sdments c o n m  

amencium plutomum and urmum. Urmum 238 is  a COC for surface water m OU 5 The first 

mtroductlon of uran~um IS not known Reported occurrences include the followrng 

In October 1954 backwash water dramed through the Onglnal Landfill b m g  pit down to 
Woman Creek The pit was used as a dump for urmum-contarmnated incmerator ash and for 
bummg of contammated waste from Bullding 444 (used for manufacture of urmum and 
berylhum components) 

A steam condensate release (2 700 gallons) from Buildmg 881 to Pond 7 and Pond 7 
ovefflowed to Pond C 1 Th~s release occurred in September 1955 Burldmg 881 housed 
emched urmum components 
Dramage from the 903 Pad area occurred over its lifeume from 1955 or 1958 through June 
1968 Waste stored at the 903 Pad mcluded uranium from Buldmg 444 (depleted urmum) 
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Logs of rnatmals +Rceuntered m borehdes 56893 and 56993 mdicate that 

constituents released from Ash Pit 133 2 must traverse about m e  feet of matenalm the vadose zone to 

reach the water table (DOE 1994a) Nine feet is the distance from the elevatlon of the bottom of ash m 

borehole 56993 to the elevauon of the water table calculated by MODFLOW Transport through this 

vadose zone was simulated with a one hmensronal model as descnbed m Secuon 5 3 1 1 

A simulauon usmg the dtsmbuuon coefficient of 0 67 mYg whch corresponds to the radium 226 

dlstnbutlon coefficient m the calibrated MT3D model and a downward seepage velocity of 0 0013 Wday 

showed that the rahum 226 would not yet have amved at the water table by 1993 The downward 

seepage velocity was calculated from 

O+.=Q,/n mwhlch 

ap(v is the seepage rate (UT) 

Q IS the groundwater recharge rate (wr) and 

n is effectlve porosity (dunensionless) 

The groundwater recharge rate was set at 0 0002286 Wday (from the cahbrated MODFLOW run) and n 
was 0 03 the effecuve porosity from Table 5 6 and Figure F 1 Appendlx F k 

The mechanism for rapid transport of COCs through the vadose zone beneath the ash pit has not been 

mvestigated and is not known For the present modelmg the rapid transport was simulated by reducmg 

the dismbuuon coefficient to zero Ttus simulatxon shows the 50 percent CIC concentration amvmg at 

the water table in about three years (Figure 5 17) Based upon h s  result, MT3D source Ioadmg beneath 

the ash pit was imttated three years after the ash pit was constructed Because the ash pit was constructed 

UI 1969 the impact to groundwater was assumed to begm m 1972 for purposes of the MT3D simulauons 

The MT3D source loadmg rate was considered to be constant from 1972 onward 

The MT3D simulation of contarmnaut transport in the groundwater system is descr~bed 

in this secuon 

Intejace with Groundwater Flow Model MT3D requms values for &scharge across each cell face as a 
model input. These discharges are denved from the flow model MODFLOW/mt, an enhanced version of 
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MODFLOW provided with MT3D contams an mterface package LlnkMT3D LmkMT3D allows 

MODFLOW to wnte heads and fluxes along cell faces into an unformatted file whch is then used as an 

mput file to MT3D 

October 1995 

Gnd The same gnd that was used for MODFLOW was used for MT3D fachtatmg llnkage of the 

models The size of the MT3D model was reduced by malung irrelevant cells located west (upstream) of 

the IHSSs mactlve 

Model Boundanes The MT3D boundanes are the same as those used for the MODFLOW model The 

constant heads along Woman Creek allow movement of COCs out of the system. 

Stress Penods The model execuuon consists of two stress periods for each COC The fmt stress pnod 

is 18 years (6574 days) in length be-g m 1952 when Pond 6 (IHSS 196) was first used as an 

minerator pit The stress penod ends (and the second begins) with the amval of COCs at the water table 

beneath the ash pit m IHSS 133 2 m 1970 Thls second stress penod lasts 24 years to the m d  pomt of the 

RFIRI mvesugation in 1994 

Calibration The numencal solute transport model was calibrated by adjustmg laput parameters to 

produce simulated concentrattons that were close to target concentrattons for the wells identtfied as 

contrumng COCs Professional judgment was used to decide when the simulated concentrahons were 
close enough to target concentrauons to support human health nsk assessment. A separate calibrauon was 

performed for each COC (radmm 226 banum and manganese) The simulated plumes from Pond 6 

(IHSS 196) and Ash Pit 133 2 are mdependent. Changing the source concentrmon for one plume does not 

affect concentrattons m the other 

The calibrauon for each COC was a two step process First the dsmbutton coefficient was adjusted by 

successive tnals until the ratto of simulated concenuauon values in the two wells m the Pond 6 (MSS 
196) plume approxmated the ratto of the target concentratlon values m the two wells Second, the source 

concentratlon values for each plume were adjusted by multlplying them by the ratlo of target concentratton 
value to calculated concentrauon value at wells in the plume Calculated and target concentnmons will 

match when thls procedure is followed 
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The imual esumate of longitudlnal drspersivity was 45 feet Thls esumate was based on the formula a ,  = 
0 1L where a,  is longituhal dispersivity and L is the contarrrmant travel &stance Thls scale 
dependence is discussed by Walton (1985) and Droppo and others (1991) In the present case the travel 

distance was taken as 450 feet whch is the distance from Pond 6 to the farthest observauon well 

contuning radium 226 acuwues above background well 59593 The rauo between longtudmal and 

transverse (lateral) dqersivity was set at 0 2a, whch is consistent with the recommendahon of Droppo 

and others (1991) and with rauos given by Walton (1985) The effecuveness of adjustmg &spenivity for 

calibratlon was exammed by increasrng longitudmal dispersivity by one order of magnrtude whlle holdrng 

the imual distnbuuon coefficient constant at 100 mVg (Table 4 1 Strenge and Peterson 1989) This 

change resulted in a decrease m the computed rauo between wells 59493 and 59593 from 1 66E6 to 182 8 
The observed rauo is 2 9 Therefore no combmahon of dispersivity and source l a g  could produce the 

desired ratio because source loadmg will have no effect on the rauo Cahbrauon cannot be adueved 
solely by manipulatmg dispersivity Consequently the dispersivity was retumed to its ongmal estlmated 

value which is consistent with pubhshed scale dependent values This &spersiwty was retamed 

throughout the calibrauon. The results of the calibrauon are presented m Table 5 1 1  The computed 

concentrauons for well 59493 were mterpolated from the four adjacent cell nodes because the well 1s 

located where the concentrauon grdent  is hgh Other wells were adequately represented by calculated 

concentratlons at the nearest node 

Analytical Transport at Pond C I Simulahon of contarmnant transport from Pond C 1 was accomplished 

by one dimensional analyucal modelmg using ONED 3 This procedure was adopted because the 

transport from the pond is along the bottom of the Woman Creek valley whch IS represented by constant 

head boundary cells m the MT3D model MT3D does not simulate transport m the boslndary cells The 

one dimensional analyucal sirnulabon is consmatwe because it does not mclude the dmpahon produced 

by transverse dispersion The results of the cahbrmon to wells downstream from Pond C 1 are shown rn 
Table 5 1 1  No useful data were found on total contamrnant mass deposited m the source 

Future Concentrations The cahbrated solute transport models were used to calculate future 
concentmuons of COCs m groundwater near Woman Creek. Concentrauons were! calculated for thuty 

years from the present, based on exposure durauon pdance in accordance with fisk Assessment 
Guidance for Superfund (RAGS) @PA 1989 Chapter 6 0) The greatest calculated thrrty year 
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concentrauons are for cells located along Woman Creek (Table 5 12) These represent the greatest 
concentrattons for groundwater that would flow into Woman Creek from the model area durmg high 

groundwater stages when the creek is gaming water m the reach through OU 5 

These concentrauons were calculated by extendmg the simulauon penod of the cahbrated transport 

models by 30 years The source loadmg obtamed m the model calibrahon was treated as remaumg 

constant for the 30 years so the only input variable changed was the durauon of the simulauon penod the 

use of undlmmshed source loadmg is conservauve because it neglects the possible effects of source 
depleuon and decay 

Uncertsunty is caused by vmous atmbutes of the models The hydrogeology 

conceptual model while attempung to account for what is known about the OU 5 hydrogeologic system 

may not actually reflect reahty Some u n c e m t y  m the results of the groundwater flow and transport 

modelmg is caused by uncertsunty in the vanables that must be mput, mcludmg hydraulic conductmty 

groundwater recharge Ismbutlon coefficients and disperstviues The futlte-drffennce approxlmauon of 

the groundwater system also conmbutes to uncertiunty because the futlte-drfference represenwon of the 

system is much simpler than the real groundwater system Addmonal uncertamty anses from the non 
unique model calibrauon whch can be aclueved with more than one set of values for the vmables 

The uncemnty m the COC concentrauons was accounted for by calculating worstcase concentratrons for 
each COC The worst case is represented by the greatest 30 year c o n c e m o n  at Woman Creek that is not 
improbable This worst case approach requues calculauon of an upper lirmt for the concenrrmons at 

Woman Creek The upper l m t  was calculated usmg a stausucal procedure The general procedure was 

the followmg 

1 

2 

3 

4 

5 

6 

The plume that produced the greatest 30 year concentrauon at Woman Creek was identlfied 

Observauon (target) wells near the ms of the plume were i d e m k d  

Where two observmon wells were near the axis the well nearest Woman Creek was selected 
for stattsucal analysis 

The 95 percent confidence interval for the mean of the reported concentrattons of each 
contamrnant was calculated 
The -mum likely concentratton for each contamtnant at the observauon well was 
calculated by addrng the confidence mterval to the mean concentrauon. 
The rauo of -mum likely concentrauon and mean concentrmon was calculated 

5 27 



i 
Rockv Flats Environmental Technologv Site 
Final Drafr-Phase I RF1.N Report Operable Unu 5 October 1995 * 7 

8 

The MT3D model was run for each COC unUl its concenuauon at Woman Creek reached a 
steady state (would not increase whatever the durauon of the model run) 
The greatest steady state concentratton at Woman Creek was muhplied by the rauo calculated 
m item 6 to produce the m-um likely concenuauon (1 e the worst-case concentrauon) 

I 

In step 1 the greatest 30 year concenvaaon was chosen because it corresponds to the greatest nsk In step 

2 observauon wells near the plume axts were selected because concentraaons from such wells are more 

representauve of the varrauon of  maximum concenuauons In step 3 more than one reported 

concentrabon is requlred for calculauon of the 95 percent confidence lirmts for the m a n  The 95 percent 

confidence mterval for the mean was calculated usmg a sample variance and the t-dutnbutm with a 
cntlcal region of 0 025 (two mled test) This test is descnbed 111 Dixon and Massey (1957) 

Regarding steps 4 5 and 6 the 95 percent confidence interval is conservative because the probabiiity of a 
measured concenuauon exceedmg the upper confidence Imt is only 2 5 percent, if the popui&on is 

normally dismbuted I f  no well in the plume had more than one concenmon measurement, then the 

concentrauon of the well nearest the  IUS was mulaplied by ten to get the -mum likely concentrauon 

(Smth 1989) 

In step 7 the steady state concentrauon is equal to or greater than the maxlmum calculated 30-year 

concentrabon at Woman Creek It also lmplies that the leadmg edge of the plume has intercepted the 

creek, so that the worst-case groundwater velocity is considered Consequently usmg the steady statc 

concentrabon is conservatwe 

Step 8 yields the worst case concentrauon because the rauo of the maximum llkely mnceutrauon to the 

calculated concentratlon is the same at any pomt 111 the steady state portJon of a plume The results of the 

uncertlnty analysis are shown m Table 5 13 The degree of uncertamty 111 ~11centrat1om that are related 

to human health nsk is mdcated by the dfferences 111 worst-case concentrations and greatest h r t y  year 

concenuahons reported 111 Table 5 12 In general hfferences are less than an order of magmtucle 

5 3 2  Surface-Water Modeling 

Thls secuon documents the surface water chermcal fate and transport model and parameters used COCs 

analyzed and the staushcal results of  the simulauon models runs over muluple 30 year m e  penods 0 
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5 3 2 1  Purpose 

The objectlves of the OU 5 surface water modeling of the Woman Creek watershed are as follows 

To characterlze the general surface water system of OU 5 usmg a s e a  regional scale surface 
water flow and transport model 

To support the HHRA portlon of the RFVRI for OU 5 ms was accomplished by simulamg 
the transport of COCs from OU 5 to potenual exposure pomts for human receptors under 
present and antlcipated future site conduons and as needed for ecological receptors 
To support the evaluatron of potentlal remedal alternatrves for the FS at OU 5 

5 3 2 2  Scope 

The scope of the surface water modelmg is limted to prowdmg simulated concenvatlons of the COCs 

detected withm the OU 5 Areas of Concern (AOCs) Concenaatlons have been simulated at vanous pomts 

along the Woman Creek thalweg for whch there are documented stream gage and waterquality data. 

These points were chosen in order to calibrate the model to observed data. 

Once calibrated the surface water model was used to simulate COC concentrmons based on thrrty 

chfferent 30 year clmatological ume senes The daly mean concentratron of each of the tlme senes was 

determed for each of the COCs From these tbty daly means one mean concenvauon was detenmed 

for each COC Ths process was performed for eleven COCs amencium 241 bmum copper h h u m  

mercury plutoxuum 2391240 strontlum, uraxuum 233/234 urmum 235 uramum 238 and m c  

5 3 2 3 Description of Modeled Area 

-Watershed OU 5 is located w i r h  the Woman Creek dramage bum (Figure 5 18) whch 
generally vends west to east Although seasonal flows can be low Woman Creek receives conunuous 

flow from Antelope Spnngs Creek. Detenuon Ponds C 1 and C 2 are located unthin the eastern reach of 
the Woman Creek bum Pond C 1 is located on the Woman Creek channel whereas Pond C 2 is located 

off the Woman Creek channel Pond C 2 receives relauvely rmnor local flow from its sumundmg 

dramage basm It receives the majonty of its flow from the SID located on the norrhem flank of the 
Woman Creek basm Woman Creek drams OU 5 and discharges via Mower Ditch lnto Mower Reservoir 
h n g  penods of high flow Woman Creek may discharge &rectly to Standley Lake 

5 29 



Rock Flats E m  ironmental Technology Site 
Final Draf tqhase  I R F I .  Report Operable Unit 5 October I995 

The Smart Ditch South Boulder Diversion Canal Rocky Flats Lake and Coal Creek are water storage 

andor conveyance faciliues located near the upper part of the Woman Creek watershed Rocky Flats Lake 

collects imgauon flows from the Last Chance &tch for storage before dischargmg mto Smart 1 and 2 

ditches Flows conveyed eastward m the Smart 1 ditch are used to mutam water storage in the D Senes 

pond located south of Woman Creek. A headgate on Smart 1 ditch allows lmgauon flows to be diverted 

to Woman Creek Records and mformatron provided by the ditch operator mdicate that water is rarely 
dwerted to Woman Creek from Smart 1 ditch South Boulder Divemon Canal (SBDC) flows across the 

Woman Creek watershed from north to south m an elevated UA lmed earthen &tch At the crossmg with 
Woman Creek. the SBDC flows are camed over the creek in a metal flume Leakage does occur from this 

flume with the SBDC conmbutmg mnor amounts of water to the dramage Coal Creek is a natural 

dramageway flowing northeast past the western edge of the Woman Creek watershed At thts pomt the 

contnbuung watershed area of Coal Creek is approximately 15 1 square mles 

The SID collects runoff from the southern lndustrral area and hverta it eastward 

to Pond C 2 (Figure 5 18) The Pond C 2 water is not dscharged to Woman Creek but is pumped to the 

Broomfield Diversion Ditch (around Great Western Reservoir) approxlmately sem annually (DOE 
1992a) 

The SID was constructed m 1980 to intercept surface runoff that prevlously entered Woman Creek Smce 

construcuon of the SID m 1980 Woman Creek has not received runoff dlrectly from the southern part of 

the plant facllity Surface water flow m the SI0 is mtemttent and usually occurs only following 

precipitauon events or snowmelt When flow is low water tends to pond m several low areas of the ditch 

The SID begxu approximately 200 feet east of the Ash Pits (IHSS 133) and extends for almost two d e s  

to Pond C 2 passmg through the Ortgml Landfill (IHSS 115) The SID is approxrmately four to eight 

feet m depth and is unlmed 

& a & I h x m  For HHRAs conducted at the Site on site exposures will be evaluated m separate 
AOCs idenufied 111 the operable umt AOCs are defrned as one or several contamtnant source areas that 

are m close proxlmty and can be evaluated as a mt m the " R A  A demled descnptlon of the AOCs 

and the associated IHSSs in OU 5 are presented m TM12 (DOE 1995b) 

Three AOCs have been idenufied m OU 5 (Figure 5 18) and are idenufied as e 
5 30 



Rockv Flats Environmental Technology Site 
Final Draft-Phase I RFIIRI Repon Operable Unit 5 October I995 e 

0 AOC No 1 The landfill area is located north of Woman Creek, and the SID passes through 
the lower part 

0 AOC No 2 The ash pits are located north of Woman Creek, and the SID b e p s  east of thas 
AOC 

0 AOC No 3 Contiuns the SID Woman Creek, and Ponds C 1 and C 2 

5 3 2 4 General Design 

The surface water model wdl contnbute to the overall HHRA effort by simulatmg the fate and transport of 

COCs along several exposure pathways The profile of surface water pathways (Figure 5 2) illustrates the 

numerous potentlal mechmsms for human exposures Storm water runoff may transport contammated 
soils to surface waters through erosion with subsequent transport to downstream receptors @OE 1994b) 

The Woman Creek streamflow can be attnbuted to storm runoff from both ramfall and snowmelt, 

groundwater inflow and lnflows onglnatlng from inigauon ditches Each of these sources has been 
included in the flow and transport model 

Surface water and sedunent associated chemcals can be transported from sources located wthm the 

watershed from groundwater mflows or from sediments located along the stream and reservoir bottoms 

These chermcals are then transported dunng baseflow or hghflow runoff events m Woman Creek. 

Dissolved chemcals can be transported m the water and sedment associated chermcals can be transported 
with the sediment moved along the stream reaches 

5 3 2 5 Fate-and-Transport Model 

The surface water modehng of the Woman Creek watershed was done usmg 

the Hydrologic Simulmon Program Fortran Version 10 (HSPFlO) (Bichell and others 1993) The 

ANNIE program (Lumb and others 1990) was used to manipulate meteorological and other types of data 

for input into the HSPFlO computer model 

The HSPFlO model was selected due to its flexibility and ability to be expanded to meet future project 
demands HSPFlO permtts simulauon of branching one dimensional stredreservolr systems with 
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tnfiltrate the upper zone extts the system as surface or mterflow outflows Water that lnfiltrates the upper 

zone storage and subsurface can then be routed into and/or through the upper lower and acuve 
groundwater storage layers based on the avadable capacittes of those storage layers If all these storage 

capacihes are exceeded water leaves the system as achve groundwater outflow Evapotranspiratlon is 
calculated for all of the above storage layers before capacity exceedance is calculated 

October 1995 

1 Soil erosion from the watershed m HSPFlO is sunulated as 

illustrated I I ~  Figure 5 22 Erosion can occur either due to parucle detachment from ramfall impact and 

subsequent washoff or as a result of nll and gully scour Sediment transport along each stream reach IS 

mended to simulate the transport, deposiuon and scour of inorgamc sehment m free flowmg stream 
reaches and mixed reservous 

Flow rouung is modeled using the catchment stream network techtuque 

whch is diwded into separate calculmons for reaches and flow routes that proceed from upstream to 
downstream The stream network can be of any complexlty including flows that are spht and later 

recombined downstream Impoundments (ponds lakes and reservous) also are mcluded although 
HSPFlO assumes such impoundments to be completely mxed that is svaaAcauon is not modeled The 

site reservw modeled 111 thls study Pond C 1 has been d e t e m e d  to be NIy rmxed based on its depth 

and turnover rauo (Appendix A) 

Several important mechmsms affect the chemcals bemg modeled 

including parutlonmg between hssolved and paruculate phases mteracuons between chemcals m the 

water column and the sament  bed and any of a number of chermcal speclfic decay flux processes such 

as volaulizatton biodegradatlon and ondabon Figure 5 23 is a flow chart of the pollutant fate processes 

that are smulated m the HSPFlO surface water model 

5 3 2 7 Model Structure 

Th~s surface water model includes the Woman Creek segments and conmbumg watershed be-g at 

the upper end of the watershed extendmg east to Indiana Street (Figure 5 24) The model uses both 

pervious land modules and stream reach/reservou modules to simulate the total Woman Creek surface 
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water system The regional model may be expanded in the future to mclude Woman Creek segments 

downstream of Indiana Street and/or other watersheds for mvesugauons other than the OU 5 RFI/RI 

Six pervious land basm and five sueam and/or reservor segments or reaches were used to model the 

Woman Creek watershed (Figure 5 24) Table 5 14 describes the geometnc propemes of the basm and 

streadreservoir reaches used tn the HSPFlO model Begmmng at the upstream end of the watershed and 

movlng eastward reach 1 extends east to the South Boulder Diversion Canal Reach 2 extends to the west 

boundary of the Site at surface water momtonng sites GS05 and GS06 Reach 3 extends to the confluence 

of Woman Creek with Antelope Spnng Creek Reach 4 extends to GS17 (upstream of Pond C 1) Reach 5 

extends to the outlet of Pond C 1 at GS07 and reach 6 extends to Indma Street at GSOl and GS02 

The stream reaches and contributmg pervious land basins were set up to allow cahbratron of the water 

balance portton of the model at the gagrng muon sites located at the downstream end of each stream 

reach These were also used for the calibratton of the sedunent transport portion of the model based on 
sediment deposiuon mto Pond C 1 

5 3 2 8 Climatological Conditions 

The followmg hourly clunatologrcal data are needed for the HSPFlO modelmg applicatron 

0 total precipitatton depth 

0 meanautemperature 

mean dewpomt temperature 

0 meanwindspeed 

0 total solar rdatron 

0 memevaporattonrates and 

potenual evapotranspmuon rates 

For this modelmg applicatron use these specdied datly records for the pmod from July 1989 through 

Apnl 1994 have been complied mto dady values (Append~x A) All data, with the exceptron of the 

evaporatlon and evaptranspumon rates were recorded at the Site west buffer zone metemloglcal statron 

(W MetSta) The basic data were recorded in 15 m u t e  mcrements ustng an automated meteorolo@cal 
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recordmg system Thls system consists of m h d u a l  recordmg devices that relay the data to a data logger 

which has a one way telemetry link to a computer database located on the site 

The data obtamed from the W MetSta had the date ttme and all six meteorological parameters on a smgle 
line delunrted by commas These data were reformatted through the creatron of a separate computer code 

m order to format the data for input into the Watershed Data Management (WDM) file Thc comma 

dehmted file was first converted to a space-delunited format The SIX parameter space-deluIllted 15 
m u t e  mkrval file was then converted to SIX separate space dehmted 15 m u t e  mtcrval files with a 

format compatlble with the WDM mput requvements 

Upon tntenng the files mto the WDM it was dtscovered that sipficant data were mssmg and that much 

of the data were out of range Therefore the files were then manually edited by mserung mrssrng data 

with appropnate data from a simlar adjacent tlme period The out-of range data were rewed as reqmed 

The basic data for precipitauon were recorded as total accumulated depth m mches over a 
15 m u t e  interval These raw data were aggregated lnto an hourly ttme senes sequence for use as mput 

mto the HSPFlO computer program These data were then plotted m order to check for m u n g  and out 

of range values Missing data were manually added based on the data avadable from the cables of daly 
precipitatlon values obtamed from the W MetSta for the NPDES Stormwater Discharge P m t  

Apphcauon report (AS1 1993) The hourly values were further aggregated to dady values and tables were 

generated for the duly precipitatlon values (Appendur A) Table 5 15 prowdes a summm of monthly and 

annual precipitauon at the Site from 1971 through 1994 

The basic data for au temperature were recorded as the mean temperature m degrees 

Celsius over each 15 m u t e  mterval These raw data were converted to degrees fahrenheit and aggregated 
mto a mean hourly ttme senes sequence for use as mput into the HSPFlO computer program. These data 
were then plotted in order to check for rmssmg and out-of range values Mssmg data were manually 

mserted by c o p p g  data from an adjacent day and correspondmg ume p o d  Out-of range data were 
d e t e m e d  to be au temperatures that are iugher than 122 degrees fabrenheit or less than mus 58 degrees 

fahrenheit No out-of range data were found All adjusted data were checked for reasonableness The 

mean hourly values were aggregated to -mum and mmimum duly values and tables were generated 
showmg duly mmmum and rmatmum au temperatures (Appendix A) 
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D e w  P- The basic data for dew point temperature were recorded as the average dew 

pomt temperature 111 degrees Celsius over each 15 m u t e  interval These raw data were converted to 

degrees fahrenheit and aggregated into a mean hourly ume series sequence for use as mput mto the 

HSPFlO computer program These data were then plotted m order to check for m s m g  and out-of range 

values Missing data were manually inserted by copymg data from an adjacent day and correspondmg 

ume penod Out-of range data were detmxmed to be dew pomt temperatures that are hgher than the 

correspondmg atr temperature or less than mnus 58 degrees fahrenheit. These values were d t e d  to be 

equal or slightly less than the m temperature All adjusted data were checked for reasonableness The 

mean hourly values have been further aggregated to maximum and rmnmum datly values and tables have 

been generated showing datly mmmum and m i m u m  dew point temperatures (Appendm A) 

October 1995 

lUd&ggd The basic data for windspeed were recorded as the average horizontal wnd speed m meters 
per second over each 15 m u t e  mterval These raw data were converted to mles per hour (mph) and 

aggregated mto a mean hourly tlme senes sequence for use as input into the HSPFlO computer program 
These data then were plotted m order to check for mssrng and out-of range values Mmmg data were 

manually inserted by copyng data from an adjacent day and correspondmg trme mod Out-of range data 

were detemned to be mean one hour wind speeds hgher than 75 mph No out-of mge data were found 
All adjusted data were checked for reasonableness The mean hourly values were fbrthcr aggregated to 
mean datly values and tables were generated showing the datly mean of wmd speeds (Append~x A) 

The basic data for solar radrauon were recorded as the average solar rad~atmu rn watts 

per square meter over each 15 m u t e  mterval These raw data were converted to langleys per hour and 

aggregated mto a mean one hour mterval tlme senes sequence for use as mput mto the HSPFlO computer 

progam These data were then plotted m order to check for m m n g  and out-of range values Missing 
data were manually inserted by copying data from an adjacent day and correspondmg tune penod Out-of 

range data were detemmed to be a mean hourly solar radiabon rate higher than lo00 watts per hour The 

out-of range data were exarmled found to be reasonable and left unchanged All adjusted data were 

checked for reasonableness The mean hourly values were aggregated to mean darly values and tables 

were generated showing the diuly mean for solar radiauon rates (Appendix A) 

The monthly mean data for evaporatlon rates were calculated by An&s Beruns (EG&G 

EWSWD pen commun August 20 1993) based on observed data from the Great Western Reservolr 
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located approxlmately one a l e  northeast of the Woman Creek dramage basm These data were provided 

111 mches per hour for each one month mterval between October 1991 and September 1992 These mean 
monthly Lalues were disaggregated into mean hourly evaporatlon rates for use m the HSPFlO computer 

program Summary tables have been generated showing the dally mean rates of evaporauon 

(Appenhx A) 

Potenttal Ev- Because data for potenual evapotranspaatlon were not avalable from the 

MetSta, the requved mean hourly ume senes sequence were developed usmg the avarlable meteorological 

data as input to the code (&usalaas and Kunkel 1993) The mput parameters were au and dew polnt 

temperature solar radmon and wind speed These parameters were downloaded fkom the WDM as four 
three year one hour ume senes and then each ume senes was divided into three one year &me senes 

The four vmables were then combmed into one tlme senes for each of the three years and reformatted to 

become the input data The three resultant one hour urne senes of evapotransplrahon were reformatted 

then combmed into a smgle three year long urne senes and mput into the WDM Summary tables have 

been generated showing the dady mean rates of evapotransptratlon (Appendu. A) 

5 3 2 9 External Inflows 

It has been determmed that lateral mflows of groundwater are e n w g  the Woman Creek wasershed from 

sources that located outside the watershed boundanes (EG&G 1995c) Based on inspecuons of 
topographtc maps (USGS 1971 1979 and 1980) it was detemned that the Rocky Flats Lake SBDC and 

Coal Creek (Figure 5 24) whch are all located upgradient of Woman Creek can conmbute water to the 

alluwum Thls conmbutory water later appears as surface water runoff m Woman Creek. 

A tune senes plot of surface flows was developed from gadloss flow measurements at Statton 13 located 

on Antelope Spnng Creek mediately upstream of its confluence with Woman Creek (Fedors and 

Warner 1993) Monthly flow rate measurements taken January through December dunng 1992 and 1993 

were averaged and the results plotted (Figure 5 25) A tlme senes sequence of mean M y  value% was 

developed by interpolatmg between the monthly values The annual recorded precipimon m 1992 was 
13 7 in and in 1993 was 11 7 111 slightly less than the medm value of 13 9 mches between 1971 and 

1994 (Table 5 25) l h s  precipitauon ume sene5 sequence was duplicated and used to represent all years 

I 
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used dunng both the model calibramn and the 30 year simulaaon period The Antelope Spnng Creek 

ume senes sequence was added to Basm 4 as surface mflow 

Hydrographs of the water levels 111 wells 1989 (Antelope Spnngs Creek) 2689 (Woman Creek) and 5386 

(South Woman Creek) (Figure 5 26) and the surface level of Rocky Flats Lake (Figure 5 27) were 

developed and the seasonal trends were found to be simlar Thrs would mhcate that the m o w  ol 
groundwater is relabvely ufonn throughout the upper part of the Woman Creek watershed near the 

western boundary of the Site Therefore the Antelope Spnng Creek m e  senes sequence was added to 

Basms 2 and 3 as a source of lateral d o w  of groundwater 

The SBDC passes through the upper part of Basm 2 delivenng water from Gross Reservou located north 

and west of the Site to Arvada Reservolr located south of the Site The headgate records mdcate the ume 
penods that the ditch is carrymg flow and the dry penods No stage or flow data were obtarned. These 
records were obtamed from the Denver Water Board @WB 1995) The exfiltrauon rate from the &tch to 
the groundwater was detemed to be 0 06 m/hr dunng the penods with flow and zero when the htch was 
dry This ume senes sequence was added to Basm 2 to represent a source of lateral lnnow of 
groundwater 

The uppermost part of the Woman Creek watershed extends approximately 1 6 rmles west of =@way 93 

(Figure 5 24) to the footbdls at the porn where Coal Creek flows into the plam area The stream gage 
records for Coal Creek (Coal Creek near Plamwew No 06730300) were obtarned fkom the Colorado 

Water Resources Division on November 15 1994 for water years 0 1986 to 1993 These data were 
used to develop an average annual Ume senes sequence to be used for all of the future smulauon years as 

representatwe of lateral groundwater lnaow tnto Basm 1 Figure 5 28 shows the 1986 to 1993 average 

mean dady dlscharge for Cod Creek at the Plmview gagmg stauon 

5 3 2 10 Soils 

One of the most important factors that influences the sedunent transport processes is surface sod gram 

size Gram sue analyses were performed by Colorado State University (CSU) on 115 surface soil samples 
collected from OU 2 OU 5 and OU 6 d m g  the Phase II OU 2 RFURI (EG&G 1995c) Results mdicate 
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that 49 percent of grams from the samples have diameters greater than 100 mmons (pn) 22 percent of 

gram sizes are between 10 and 100 pm and 30 percent of  gram sues are less than 10 pm 

In the Urufied Soil Classificauon System pmcles smaller than 74 pm are comdered to be fines (silt or 

clay) Thus a high percentage of  surface soils 111 the area are fme gramed soils Fme gramed surface soils 

are more easily transported by runoff than are coarser gramed sods The hgh percentage of clay also 

provides a larger surface to volume ratlo whch allows more adsorphon sites per volume of soil than does 

a coarser gramed soil The higher capacity for adsorbed contarmnants results tn a higher potentlal for 

contarmnant rmgrauon 

5 3 2 11 Chemicals of Concern 

PCOCs are those metals or radionuchdes whose concentrauons exceed a statlsttcal scmmg above 

background concentrahons and VOCs whose concentrahons exceed the reported detcctlon limts The 
COCs used m this OU 5 surface water model have been idenhfied m TM11 (DOE 1995a) These COCs 

can be found m one or more medta, such as surficial soils groundwater surface water pond sedtments and 

stream sedments For the purposes of the HSPFlO model the COCs found 111 surface water and 

stredpond sediments have been modeled 

A total of 11 COCs have been identified for mclusion in the HSPFlO fate and transport model (Table 5 

16) These chermcals have been grouped into four hfferent sets of three (or two) based on thew general 

geochermcal behavior and the medta m whch they are found 

Surface Water C O G  Sut of the eleven COCs were detected m the surface water sampled in Woman 

Creek These chermcals are listed below 

0 Banum . Llthlum 

0 Strontium 

0 Amencium 241 

0 Uratllum 2331234 

0 Uramum238 
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Banum lithium and stronuum are COCs for surface water only These elements are also a l b e  or 
alkaline earth metals with sirmlar geochemcal behavior Therefore these COCs have been grouped 
together as Group 1 for calibrauon and HSPFlO simulatlon purposes The remaumg COCs m the list are 
found in several media, as shown m Table 5 16 

October 1995 

k&mmt C O Q  Eight of the eleven COCs were detected in the pond and stream sediments sampled 111 

Pond C 1 and Woman Creek, respecuvely These chemcals are listed below 

Copper 
Mercury 

Zlnc 

Amencium 241 

Plutonium 239/240 

Urmum 233/234 

Uranium 235 

Uranium 238 

Copper mercury and zmc are all metals that are found tn Woman Creek stream sedunents (mercury and 

zmc are also found m Pond C 1 s e e m )  These three COCs have been grouped together as Group 2 for 

calibrauon and HSPFlO smulauon purposes Amencium 241 and plutomum 239/240 both of whch are 

radionuclides are found 111 pond and stream sedments and have been rncluded m Group 3 Urmum 

233/234 urmum 235 and urmum 238 are radionuchdes that are found in Pond C 1 sdments and have 

been included together m Group 4 

Source term concentrahons were calculated for both the cahbrauon and simulahon of the 

COC concentrauons 111 surface water Table 5 16 provides a lisung of the COCs and mdcates the media 

rn which the chemcal has been detected For the model calibrahon the COCs assoclated wth surfcial 

soils were used as source term data. Groundwater m o w  concentrauons were checked and it was found 
that groundwater did not appear to be conmbuung surface water COCs to the flow regme In order for 

the data to be used as a calibrauon source term value the following Cntena must be satrsfied 

0 Source term me&a must be located upstream of the COC medla (observed target data) 

The source term data must have ongmated within an AOC 
0 The data must have been collected as part of the OU 5 FSP 

I 

e 
5 4 0  



Rockv Flats Environmental Technology Site 
Final Draft-Phase I RFI.RI Report Operable Unit 5 October 1995 

Each source term value was calculated as a mean concentratlon of a COC w i t h  the associated sub basm 

The Thiessen polygon method was used to d e t e m e  the area of lnfluence for each samplmg locauon 

wirhm the AOC The remamder of the watershed was assumed to have a zero concentmuon of each COC 

An area weighted concenrratlon for each COC located in each watershed sub-basm was calculated for 

input into both the calibratlon and simulatlon models 

For the purposes of the HSPFlO model calibrauon the source terms were calculated wth the assumpon 

that the SID was in place and functlonal Therefore in the landfill (AOC 1) only the COCs located south 

of the SID were mcluded m the calculauons Conversely m the ash pits (AOC 2) and m Woman Creek 

and Pond C 1 ( A X  3) all the observed COC concentratton data were used m the computauon of source 

terms contnbutmg to the observed concentratlons found in Woman Creek and Pond C 1 

For the purposes of the HSPFlO future concentratlon model sirnulaon the source terms were calculated 

assummg the SID had been abandoned The COC concentmons north of the SID unth  the landfill area 
(AOC 1) were mcluded 111 the composite source term calculat~ons This assumptton wll permit surface 

runoff and any associated contarmnants to dram south mto Woman Creek dumg the 30-year slmulat~on 

rUnS 

5 3 2 12 HSPF10 Mode4 Calibration 

Calibratron of the HSPFlO computer model is requrred before the model can be reliably used for 

simulatlon purposes The model was cabrated to past observed condmons for which SIX months of 

contlnuous data were avalable The followmg sectlons descnbe the targets procedures and results of the 

model calibratlon process 

Three documented hydrologically dependent condmons w m  calibrated 

0 Water budget 

0 Sediment transport 

0 Concentratrons of COCs 

These conditlons were modeled m mdividual modules and each process was calibrated m the above listed 
sequence in order to systemaucally calibrate the entue model 
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Water Budget Calibration Targets The observed hydrograph data and the assocrated ramg curve 

equauons for gage stauon GSOl GS02 GS05 GS06 GS07 and GS17 were obtamed from EG&G S W D  
Table 5 17 lists each gage stauon its general locauon the type of flow recordmg devlce m place and the 

ratmg equauon for depth versus flow The data were plotted and reviewed for reasonableness Each gage 
statlon was found to have mssing and erroneous data at various tlmes throughout the stream gaging 
penods Based on the reliable data avatlable the watershed mass balance and hydrograph shapes were 

calibrated for the penod begmmng on A@ 9 1993 and endmg on September 26 1993 

October 1995 

A field mvesugauon revealed that the cormgated metal culvert canrylng Woman Creek flows under 
Indlana Street (GSO1) had a hgh pomt in the rmddle resultmg m 0 29 feet of ponded water upstream of the 

mvert of the culvert The raung m e  was analyzed and found to be accurate for stages of two feet or 

more and mconect for stages less than two feet. 

Therefore the hydrograph data o b m e d  for GSOl had to be adjusted usmg a 0 29 foot stage sWt and a 

revised ramg curve No associated stage data were aviulable because the flows were adjusted by EG&G 

without correspondmg stage adpstments “herefore the stage for each associated flow had to be! 
determmed mathemaucally from the ratmg-curve equauon (EG&G 1994d) A plynormal equauon was 
developed for the exlstmg ramg curve data. By subsututmg the flow value mto the equatron, the 

correspondmg stage was detemmed That stage was then decreased by 0 29 feet and all negmve stage 
values were set to zero A new raung curve was developed and a polynomal equauon was developed for 

that ramg curve The revised hydrograph values were obmed mathemaucally usmg the revised stage 
values in the new ratmg-curve equatron The resultant hydrograph values are approxrmately half of the 
previous values 

The raung curve for GS02 was analyzed and found to be maccurate for low stages The same procedure 

used for GSOl was used to reme the GS02 ramg curve The revised hydrograph for GSO2 was combmed 
with GSOl and used as the target for cahbrauon of Woman Creek The remauung gage smon data were 

reviewed and found to be reliable for use m calibrattng the water balance w o n  of the HSPFIO model 

Sediment Transport Calibration Targefs Empmcal data for total suspended sediment (TSS) (Table 

5 18) along Woman Creek and for the total accumulahon of pond bottom sediments wrthm Pond C 1 were 
chosen as calibrmon targets for the sediment transport poruon of the HSPFlO model Data used for 
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calibrauon mcluded TSS values measured d u n g  the OU 5 field samplmg phase of the Phase I RFYRI 
and TSS values measured in high flow samples collected d m g  other Site programs (EG&G 1994e) The 

caiibratlon ume penod was expanded from the six months used for water mass balance to seven years for 

the sedment uansportauon Three pond bottom sedment core samples were taken on November 5 1992 

two of which had core depths of six inches and one that had core depths between 6 and 12 inches The 
average accumulated sedment in the bottom of Pond C 1 smce the pond was constructed m 1973 was 

esumated to be 8 to 10 mches Therefore over the twenty year penod that Pond C 1 has been m 
operatlon the average sedunent accumulauon was calculated to be appmxlmately 0 4 inches per year or 

roughly three inches m a seven year penod 

Water Qualm Calibration Targets Table 5 16 provides a hstmg of the COCs and m&cates the medra m 
whch the chemcal has been detected For the model calibrauon the concentmons of COCs associated 

with both surface water and s t redpond sedunents were used as observed target data. Each target 
concentrauon was calculated as a mean concenuauon of a COC wth the associated watershed sub basm 

To deterrmne the area of influence for each samplmg locauon along Woman Creek (AOC 3) an average 

sueam width of five feet was used and the stream length was measured from topgraphc maps An area 

weighted concentrauon for each COC located m each watershed sub-basm was calculated for mput mto 

both the calibrauon and srmulauon models For the three pond bottom sdmen t  samples the anthmet~c 

average of the observed concentrattons was calculated for use as the observed target values 

A surface water flow and transport model is generally cahbrated by adjusting a set 
of model parameters to produce simulated flows TSS concentrauons and chermcal concentrauons that 

match field measured values withrn a quanufiable range of error or withrn reasonable lirmts Them are 

basically two ways of adjustmg model parameters to acheve cahbruon 

1 manual mal and error adpstment, and 

2 automated parameter esumauon 

Calibratlon of the HSPFlO computer model for the Woman Creek dramage basin was acheved usmg the 

manual mal and error method 

Water Budget Calibration Procedure The flow module was calibrated by lsolatmg each of the SIX sub 

basms and acheving a mass balance w i h  each sub basm while usmg the observed hydrograph data 
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from the upstream basms as mflow and the observed hydrograph data at the outflow pomt as the 

calibrahon target After the individual sub bums were calibrated the model was restructured allowmg the 
simulated outflow of each upstream basin to be the inflow to the adjolntng downstream basm 

October 1995 

Two methods were used for companng observed data to simulated flow rates and mass volumes 

1 Quantttauve compansons The simulated mean d d y  flows and observed flows were each 
summed to ob- the total simulated and observed mass volume at each cahbrauon locauon 
for the SIX month penod ( A N  to September 1993) The percent dtfferences between the 
observed and simulated results were then calculated for each locahon 

Qualitauve compansons The ume senes sequences of observed and simulated hydrograph 
data were plotted and the results were compared to d e t e m e  the simrlmues or dtfferences m 
the data Specifically the maptude and temporal locauon of the hydrograph peaks were 
compared 

2 

The simulated hydrograph shape and peak flow rate were adjusted only after the smulated mass balance 

was found to be w i h  25 percent of observed values 

Sediment Transpon Cafrbration Procedure After the flow models were calibrated and mtegrated rnto a 

single model the sedunent calibrauon was performed The first sediment calibrauon procedure was to 

approximate the eshmated three inches of sedunent accumulatton to have occurred rn Pand C 1 d m g  the 

last seven years The seven year ttme frame was chosen based on the greatest length of site specific 

conunuous meteorological data that was aviulable without sigmficant data gaps It IS mperatlve to o b m  

the greatest length of tune aviulable because the bulk of sehment can accumiuate dunng a very few 

widely separated high intensity precipitabon events It i s  also important to use site spec& data when 

aviulable 

The seven year hme penod covers the dates of January 1 1986 through December 3 1 1992 Data for 

1993 were not included because a full year of data was not avalable at tune of cahbramn Full years only 

were used in the se&ment calibrauon because the se&ment transport is seasonally dependent, and 

esumatton errors are llkely to occur when extrapolaung mcomplete years to a completc year Furthermore 

the start and end dates of the year should occur dunng a relauvely inactlve penod i e when little or no 

ramfall occurs 
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Simulated sedment accumulauon in Pond C 1 was compared agamst the sedrment target and sedment 

transport parameters were adjusted to bnng the simulated sediment budget withm 10 percent of  the target 

sediment budget, The sipficant parameters used to calibrate the sedment processes for the pervious 

land baslns are 

October 1995 

soil detachment by precipitauon 
soil scour due to precipitauon and 

soil washoff due to precipitauon 

The sipficant parameters used to calibrate the sediment processes for the stream reaches are 

0 settlme velocity of the seQment parucles 

cnucal shear stress of  parucles for resuspension o f  bed sedunents and 

0 cnucal deposiuon stress for deposiuon of suspended sediments 

After the sediment accumulaon approxmated the target accumulation the frequency and magmtude o f  

the sedment transport was cahbrated The ume frame chosen for th~s poruon of the cahbratlon was the 

same as the flow cahbratlon May to September 1993 This penod encompasses the only three sampling 

events when TSS UI Woman Creek was measured dunng high flow events The observed TSS values m 
stream reaches 2 3 and 4 were used as the calibratlon target values The TSS values in stream reach 6 

(downstream o f  Pond C 1) have been mfluenced by the detenuon effects by Pond C 1 and therefore reach 

6 was not considered m the sehment calibrauon 

The parameters used to adjust the frequency and magnitude of  the simulated TSS 111 the Woman Creek 

stream reaches are the same as those used 111 the accumulauon cahbraon TSS calibrauon involves 

adjusting HSPFlO model sediment parameter values unul the simulated TSS concentratlolls for both 

relauvely small and large storm events adequately approximate the observed TSS concentrations on target 

dates Thls procedure is based on the fact that the sedment source of the TSS m a stream reach will vary 

based upon the size and mtensity of  the storm event That is small storm events have a tendency to 

generate TSS by scounng the stream bed while receiving little washoff from the perv~ous land basins 

Conversely durmg larger storm events contnbuuons from pervious land bastns to TSS mcrease 

significantly Therefore the rauo of sedment load from the basins to the sediment scoured from the 

reaches was adj~sted unul the proper sediment magmtude and frequency were reached The two 
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calibrahons methods discussed rn th~s sectton were then iterattvely repeated unttl both sediment 

calibrauon targets were sattsfied 

. October 1995 

Water Quality Calibratron Procedure The water quality calibratton of the OU 5 surface water model 

was accomplished usmg two dsmct methods These cdbrauon methods are analogous to the methods 

used m the sediment model calibrauon where the cahbrauon target values were total sedrment 

accumulauon in Pond C 1 and pomt TSS values as measured rn the water column Thls relauonshp is 

explicit because the COCs are canudered to be closely associated with secbments In the case of fate and 

transport of conshtuents the calibrahon targets are 

Concentrauon values of bed sediment associated consutuents m Pond C 1 accumulated smce 
source placement and 

0 The average values of the suspended sediment associated and drssolved consutuents m the 
stream reaches 

The first calibrahon method mvolves smulatmg the fate and transport of a consutuent from an upgrdent 

source area to a d o w n m e n t  deposittonal area, where the resulmg depth and concentrauon of the 
consutuent are known Thls method is useful for the mual calibrmon of the fate and transport 

parameters for the model and for a gross charactenzauon of the system The second method mvolves 

fme tuning the wate rqd ty  calibrauon parameters in order to simulate the actual waterquality 

concentrauons as closely as possible 

The actual accumulauon calibrauon was performed by simulaung the depositton of the COCs currently 

present m AOC 3 by usmg AOCs 1 and 2 as the consutuent sources Waterquality fate and trausport 

parameters were adjusted untll the concentrahons simulated for AOC 3 reasonably matched the emtmg 

concentrauons present m AOC 3 as deterrmned by field sarnphng The followmg assumpons are 
inherent in the calibrauon 

Any COCs currently present m AOC 3 are the result of transport from AOC 1 and 2 and are 
not aunbutable to any other source term 

The length of ume from source placement to samplrng date of the calibrmon target can be 
reasonably esumated 

0 The model mput and boundary con&ttons used for the simulauons represent the actual 
condiuons present d m g  the ume from source placement to measurement date and 

0 The source term is constant and not depleted 
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The water quality calibraaon was performed on both a 7 314 year and 30 vear m e  kame The 7 314 year 

ume frame selected was the same penod used in the sediment transport calibratron with the 
meteorological data extended three quarters of a year to tnclude dates when stormevent TSS 
measurements were taken for OU 5 The penod January 1 1986 to September 30 1993 was the pnmary 

calibrauon penod because the data are site specific to the Site 

Thirty year meteorological data sets generated for use when m m g  simulauons for the HHRA and 

discussed 111 Sectron 5 3 2 13 1 were also used dmng the water qualtty calibrahon as a qualitatwe 
calibrauon check It was detemned the 30 year sets could functlon 111 rh~s capacity because source 

placement is thought to have occurred between 43 years and 20 years ago It is fauly certm no source 
existed pnor to the operung of Rocky Flats Plant in 1952 

It is also assumed that a sipficant amount of the source term matenal was m place 20 years ago This IS 

the estrmated point m m e  at whxh the Ongmal landfill and mcmerator had been operatmg for 
approximately 20 years Using 30 years as the source placement m e  Erame velds a 70 percent to 150 

percent uncertamty of the source initmtton I b s  range is well w i h  the cntena requued far a qualitatrve 

calibrauon check 

The simulated concentrauons m Pond C 1 were compared agamst the bed sediment concentrmon targets 

when calibrattng with the 7 314 year set and the waterqualrty and sedlment vansport parameter values 

were adjusted to brmg the simulated concentratlons to withm 25 percent of the target concentrmons The 

7 3/4 year simulmon penad is roughiy 25 percent of the 30 year source tern placement trme penod The 
sipficant parameter used 111 calibratmg the quality processes are the adsorpaoddesorptron rates of the 

constrtuents Other parameter values such as partltron coefficients (K,) (Table 5 19) or quautrty of 

constltuent associated with transported sedment are either calculmons field measurements or literature 

values 

i 

It is assumed all the COCs modeled are sedment associated although they may enst m the dusolved state 

dunng water quahty processes That is hydrolysis oxidatron first-order decay biodegradwon etc are 

not considered relevant for the OU 5 COCs 
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Once the simulated bed concentrwons appromated the observed results the suspended sedlment water 

quality concentrauons and dissolved water quality concentrauons were calibrated Because 

adsorpuoddesorpuon was the only water quality parameter used in the cahbrauon, the adjustment of 

simulated dissolved concentrauons &ectly affects the bed associated concentruons (1 e mcreasmg the 
water column concentrauons will decrease the bed concentrauons) The cahbrauon of the dissolved 

consutuents was performed to further define the rauo of perwous land sedment washoff to se&ment scour 

from the stream reaches For example usmg a hgh desorpuon value for a constltuent results 111 much of 

the transported consutuent leavmg the OU 5 system m the dissolved flow Thls fate then requues the 
transport of greater amounts of sedtment from the source areas to acheve the target concentrauon in the 
bed sediments of Pond C 1 If dunng the iteration between adsorbed and &ssolved concenvauon 
calibrauons a realism slmulauon of both concentrauons could not be obwed, it was necessary to return 

to the sediment calibrauon to adjust the pervious land washoff (consutuent source) and stream scour 
(clean sediments) rauo In thts manner the cahbruon loop for the bed concenvatlon water-column 

concentrauon sediment accumulauon and TSS was iterauvely performed unul all three calibrauons were 

sasfied 

After calibratlon was completed the model was nm usmg the 30 year meteorological data seu as a 

qualitauve check HI@ mtensity precipitauon events were mvesugated to detamme If the resultrng 
mmmum water quality concentrauons are reasonable and if the m e d m e d m s  of the 30 year data sets 

approximate the measured values 

The results of the HSPFlO model calibrauon for the water budget sedunent transport 

and water quality modules are presented m thrs secuon The individual modules have been calibrated to 

acheve the best correlatlon to observed data for that module wide balancmg the cahbratmn results of the 

other two modules w i h  as narrow a range as possible 

Water Budget Culrbranon Results Figures 5 29a through d show the calibrauon hydrographs at each of 

the gage stauons along the m t r e a m  of Woman Creek. The individual hydrographs of the simulation 

runs and observed gage statlon flow data were quanutauvely and qualitauvely compared 

The quanhtauve results for each sub basm analyzed have been shown in the respecuve figures and 

tabulated in Table 5 20 The cornpanson of the total observed and simulated mass volumes mdcates that 
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the model under simulates the volume by 25 percent at GS05 and over simulates the volumes by 22 

percent at GS02 The under simulauon of volumes at GS05 reflects the approxlmately 250 OOO cubic feet 
of observed flows d u n g  the May 15 to May 26 1993 time penod which are considered to be over 

esumated due to instrument error The overall mass balance is considered sausfactory 

October 1995 

The temporal spacmg of the simulated storm peaks compares favorably with the observed storm peaks 
However for the April 13 1993 storm event the magmtudes of the peak flows are under sunulated 

whereas the peak flows for storms durmg the tune penod from June 20 to September 15 1993 are over 

simulated 

Sediment Transpon Calibration Results The calibrauon results for the 7 year bottom sedlment 

accumulauon for Pond C 1 are summanzed m Figure 5 30 The simulated depth of 0 25 feet represents 

100 percent of the target accumulaon goal of 0 25 feet, as dscussed m Secuon 5 3 2 12 krhmaU 

of th~s document 

It was not possible to precisely calibrate to a specific target value because the range of sediment 
accumulauon in Pond C 1 has been estimated at 0 66 to 1 0 feet Any calibratlon withrn the calculated 

target range could be considered vahd Therefore the final calibraon value was detemmed when the 

sediment module was mdf ied  to be cahbrated to observed TSS values 

Observed and cahbrated TSS values for reaches 2 3 and 4 of Woman Creek are shown m Figures 5 31A 

through 5 3 1C The average values for the reaches were also calculated because measured TSS values are 

hghly variable and dependent upon locatton of the sampling site Therefore an average diuly TSS value 

for all of the stream segments combmed was considered in the calibratton The average observed and 

simulated TSS values for Woman Creek stream reaches are presented m Figure 5 3 1D The average TSS 
values were used to ObjeCUVely fmalne the sedment calibrauon parameters When each reach was 

individually calibrated there sull exlsted some lautude in deterrmning the fmal cahbratlon parameters for 

the system as a whole At thrs pomt the sedunent calibrauon parameters were adju~ted to best match the 
average observed TSS without sigmficantly affecmg the individual reach callbrattons 

Reaches 5 and 6 of the model were not dvectly calibrated to observed values Pond C 1 (reach 5) was not 

sampled for TSS durmg storm event samplm~ Because storm-event TSS values are the pnmary 
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calibrauon cnteria, h s  reach was lirmted to a qualitative companson of esumated baseflow TSS values 

Simlarly the four samplmg locauons that are situated m reach 6 were not sampled durmg storm events 

and therefore can not be rehably used for selment calibrauon 

This lack of observed TSS data for reaches 5 and 6 however is not cnucal to the cahbmon of the 

sedment model Pond C 1 is hghly effiaent m funcuotmg as a sedment trap and is not expected to 
lscharge any sigmficant amount of suspended sediment Also because reaches 2 3 and 4 were 

calibrated usmg the same sehment calibrauon parameters (as opposed to usmg dtfferent mtlal andor 

boundary values for each reach) reach 6 was calibrated using the same sedunent cahbrmon parameters 

The final simulated TSS peaks shown m Figure 5 3 1 are somewhat lesser m magn~tude than m the 

original TSS calibrauon because the sedment calibrauon is ultlmately dependent upon the water quality 

calibrauon This adjustment was req- to adequately cahbrate the simulated COC water quality 

concentrauons The calibrauon is considered w i h  the range expected of sedment transport models 

Water Qualiry Culrbratron Results Waterquality cahbrauon was performed for data collected over 

seven years the results are depicted graphcally on Figure 5 32 Addtbonally qualimve checks were 
performed to scrutllltze the model s response to large precipitat.~on events ' l k s  check was accomplished 

by usmg a few of the 30 year data sets developed for the HHRA sunulat~ons as mput to the model and 

obtatmng a mean of the prelcted concentrauons for all COCs 

The construcuon of the SID dunng the mddle of the esumated accumulation p o d  for pond sedments 

complicates the calibratlon process It is lmpossible to quanufy the degree of accumulauon of COCs m 
the se&ments of Pond C 1 before the SID constructton and compare it to the accumulat~on 111 the pond 
after the SID construcuon The 7 year cahbrauons that are extrapolated to 30-year atmates were 

performed with the SID m place for the followmg reasons 

The observed target values for the water column were measured with the SID 111 place 

0 The flow and sedment models were cahbrated to the penod aftcr construCtion of the SID and 

0 Water quahty cahbrauon denved whle excludmg source areas north of the SID produces 
conservative concentrauon values 
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The fate and transport of mercury was not calibrated because the observed source area for mercury is 

msufficient to produce the requred target value in Pond C 1 Because mercury is highly voIat.de the 
source area wouid begm to deplete itself immediately after placement Thus the sampled source area 

measurements for mercury are considered unreliable for use as a calibratlon source term 

Parameter values for mercury were obtamed by using the parameters of calibrated COCs whose behawor 
dunng fate and transport processes would best approximate that of mercury Given the COCs invesugated 

m this project, copper or zmc are the most simlar in behavior to mercury (EG&G 19958) Because the 
copper and zmc were calibrated to idenucal parameter values these same values were used for mercury 

dunng the simulauons for the "RA 

The observed COC concentrauons along with the results of the 7 year simulauon p o d  (with the SID in 

place) the exuapolated 30 year simulauon results (with the SID in place) and the extrapolated 30 year 

simulauon results (without the SID 111 place) are listed in Tables 5 21 and 5 22 for the four COC groups 
considered For Group 1 there 1s no target for the streambed sediment, because these consutuents are not 

COCs for that medium 

The results for the 7 year simulatton were multtplied by 4 28 to esumate the sedment accumulat~on for a 
30 year penod with the SID 111 place Concentrauon esumates for a 30 year period without the SID m 
place were esumated by muluplylng the prewous results (I e 30 years with the SID) by 1 5 umes the 
quouent of the source concentrmon north of SID divrded by the source concentrmon south of SID This 

ratlo represents a source area u p g r ~ e n t  of the SID that is 1 5 times greater in sue than the area 
downgradient of the SID along with its respecuve change m COC concenaatlons 

The 7 year with the SID scenano represents the condmon with the -mum simulated concentrmons 

and the 30 year wthout the SID scenano represents the conduon with the maximum simulated 

concentratlorn The smulated concentrauons for the bottom sediment quahty were compared to the 
observed COC concentratlons and reported as a percentage of the observed concenmon Because the 

simulated concenuauons for each stream reach and each COC group vary greatly a mean of all 

percentages was detemned (see Table 5 22) The mean of these percentages brackets the observed 

concentratlorn listed in Table 5 22 
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The mean water column and sedment associated calibrahons are w i h  plus or mus one order of 

mamtu.de whch is sufficient resolutton for the "RA The mean 7 year simulauon of the water-column 
COC concentrauons for mdividual COCs ranged from 0 3 percent to 48 3 prcent, with a mean esumatlon 

of 22 8 percent of observed concentrauons (see Table 5 21) For streambed associated COCs the mean of 

the 7 year with the SID and 30 year without the SID simulauon ranged from 63 4 percent to 781 8 

percent of the observed concentrattons (see Table 5 22) 

A review of the percent differences between smulated and observed concentrauons m the Pond C 1 water 

column reveals that Group 3 COCs are under simulated by 2 to 3 orders of magmtude The simulated 

amencium 24 1 and plutomum 239/240 acttvmes 111 Pond C 1 were not mcreased for the foIlowmg 

reasons 

0 the adsorpuoddesorpuon parameters for Group 3 are set at the lowest possible values thus 
maxlmzmg accumulauon u1 bed sediments 

the adsoxpuoddesoxpuon parameters for Group 2 metals whch are oyer smulated rn bed 
concentrattons are set at then hghest effecttve value thus rrmLlmmng slmulated bed 
concentrauons and 

0 sehment accumulahon m Pond C 1 is already simulated at the pemsslble upper range of the 
esttmated sehment target value 

An attempt to mcrease the simulated, bed load act~vihes of ammcium 241 and plutoruum 239/240 would 

result 111 unreahsuc behavlor of the entue slmulated sehrnentlwater system, given the three factors Iisted 

above 

5 3 2 13 Fateand-Transport Modeling 

The final task of the OU 5 modehg was to esmate the future CoILCentraUons of COCs along Woman 
Creek in support of HHRA for the OU 5 RFVRI This mvolved esumafmg long tenn average 

concentrauons of COCs m the stream flow sedunent m the Pond C 1 and m Woman Creek at Indana 

Street These esumates were based on the results of thuty 30 year simulatlons "€us secuon dscusses the 

generauon of thmy 30 year meteorological data senes and the results of the 30 HsPFlO simulauons 

30 Y- The 30 year clrmate data generated by the CLIGEN model (Nicks 1985) were used 
as input to the HSPFlO model to simulate the condittons for the last 30 years Though it is not assumed 
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that any of the 30 year meteorological data sets precisely simulates the condiuons of the last 30 years it is 

assumed the CLIGEN data sets are fmly representauve of average 30 year condihons Therefore the 
maximum m i m u m  and mean values for the simulated concentrauons were used to bracket the target 

concentratlon values 

Source terms for the 30 year simulatlon runs were calculated for the smulaon of the 

COC concentrauons in the water column The source terms in the model cahbrmon were used with some 
modficatlons for the simulauon runs Specifically COC concentrauons in sedment sampled from the 

SID were used as a source tern for sedments and water flowmg mto Woman Creek Also COC 

concentrations in surficial soils of the onginal landfill which is located north of the SID in AOC 1 were 
mcluded m the chemcal loadmg for basm washoff that may enter Woman Creek dunng a storm event. 

I 

Simulatton and result summanes for both the water column (dusolved) and 

sehment associated (total) fracuons of the eleven COCs in surface water d i a  are prowded m Tables 

5 23 through 5 26 In adduon mean dady concentratlons have been deterrmned at the downstream end of 

four stream reaches along Woman Creek, as follows 

0 Reach 3 confluence with Antelope Spnng Creek 
0 Reach 4 approxlmately 400 ft upstream of Pond C 1 

0 Reach5 PondC 1 

0 Reach 6 Indiana Street (east boundary of the Site) 

The results of these statlstlcal summanes are shown in Tables 5 23 through 5 26 for COC groups 1 

through 4 respecuvely and have been used as input for the "RA 

,.In order to condense the simulated mean datly concentrmons produced from the four groups of thuty 30 

year computer runs (120 computer runs) to a senes of values more easily used m the HHRA the duly 

means were stausucally summanzed The first step involved condensmg the data m each of the thrrty 30 

year simulauons for each COC group to 30 mean datly concentrmons resultmg m 30 mean duly 
concentratlons for each of the 11 COCs These 30 mean datly concentrmons were then sta~stlcally 

summanzed to produce a final mean d d y  concentrauon for each COC 
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5 3 3  Air Modeling 

5 3 3 1 Air Modeling Objectives 

Wind suspension of potentlally contarmnated soil from the MSSs withtn OU 5 to downwmd receptors has 

been identlfied as the m e c h s m  for several exposure pathways Human exposure could occur by 
lnhalauon mgesuon or dermal contact of h s  auborne contammated paruculate matter Receptor 

populatlons are current and future on site workers future onsite ecological researchers and open space 

users The au pathways for these receptors have been designated as potenually complete although 

relauvely msigmticant and have been selected for quantltauve nsk assessment (DOE 1995b) 

c 

The purpose of the atr dispersion modelmg is to estlmate COC concentratlons and deposiuon rates at the 

potenual receptor locauons of mterest These specific pomt exposure concentration and deposition values 

will prowde mput to the nsk calculatlons of the "RA 

5 3 3 2 Selection of Air Models 

The SUI dispersion model selected for the OU 5 HHRA is the Fuguve Dust Model (FDM) (Wmges 

Development of the FDM has been sponsored by EPA Region X to address the concentrauon and 

I 

e '  
1991) 

deposiuon of paruculate matter from fupuve dust sources The FDM is desmbed fully m TM13 (DOE 

1994b) as well as m the source document (Wmges 1991) 

5 3 3 3 Wind Resuspension Potential Study Objectives 

Arr dispersion modelmg provldes the p a r y  basis for assessmg the inhalauon nsks posed by wmdblown, 

contarmnated dust to current and future onsite workers Perhaps the most mttcal q u t  parameters to au 

hspersion models are those associated with the source terms In OU 5 the important source mput factors 

are the contarmnant levels m the surface soils and the wind resuspension potentials of those sods The 

origmal invesugauons of the OU 5 RFYRI Work Plan focused on the contamtnant levels m the surface 

soils and those fmdmgs are discussed extensively m TM15 The objectlve of the ad&ttonal mquality 

study was to assess the wind resuspennon potential of the soils in the IHSSs m OU 5 
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In 1993 EG&G Rocky Flats Inc conducted a field invesugauon throughout OU 3 to d e t e m e  the wmd 

resuspension potenuals of the soils m the areas east of Indiana Street (DOE 1994c) The OU 3 study 
uulized a portable wmd tunnel That study yielded important informauon about the wind erosion 

potenual of the OU 3 areas possibly the most valuable of which was the calculauon of specific threshold 

fnctlon velociues and threshold wind speeds of the sites that were exarmned Fnctlon velocity which is a 
measure of the wrnd shear at the erodible surface charactenzes the capacity of the wind to cause 

movement of surface parucles Threshold fncuon velocity is the rrrmtmum velocity that results m parucle 

movement. Threshold wmd speed is eqwvalent wmd speed at a specified elevauon above the ground 

surface for example approxlmately 30 feet (10 meters) the standard height of a reference anemometer 

The purpose of the study of wind resuspension potentlal m the Woman Creek Dramage was to estlmate the 

threshold fncuon velocihes of the OU 5 sites and compare these to the results of the OU 3 wmd tunnel 

study If the OU 5 invesugatlon results compare favorably with the threshold fnctlon velocity values 
detennmed m the OU 3 wind tunnel study then the OU 3 data can be uuhzed reliably for the OU 5 RFYRI 
a r  dispersion modelmg and henceforth the HHRA 

I 

of W- The mvesugatlon of the wmd resuspension 
or erosion potenttal of contarmnated soils m areas of  interest m OU 5 mcludmg IHSS 115 MSS 133 the 

surface disturbance south of MSS 133 MSS 209 and the surface disturbance west of MSS 209 was 

proposed as a phased approach The first phase mvolved a limted field mvestlgauon of the site and 

compansons of these results with those of the more mtensive wind tunnel study that was performed at OU 
3 If the first phase results were inconclusive then a second phase was recommended. The second phase 

would be the replicatlon at OU 5 of the mtensive field stuQes that were conducted m 1993 at OU 3 

The wmd resuspension study relied on the rapid assessment methodology descnbed by Cowherd and 

others (1985) The field exarmnauons consisted of observauons about sites seiected as representattve of 
the areas of mterest rn both OU 3 and OU 5 (see Figures 2 5 through 2 7 for observauon locauons) At 

each locauon visual exammatlons of sod type and conditlons and vegetatlve cover were conducted The 
soil type was charactenzed along with the soil moisture and presence or absence of sod crustmg The 

extent of bare soil vegetattve cover and other nonerodible elements (gravels and cobbles larger than 1 cm 
diameter) were eshmated Finally a soil sieving procedure was conducted at each locmon with 4 mm 2 

mm 1 mm 0 5 mm and 0 25 mm sieves to estlmate the aggregate size mode of the surface sod From the 

estlmate of the aggregate size mode the threshold fncuon velocity of the soil was detemned from a 
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figure m the reference document 4 correction factor was calculated to account for the mcrease m 

threshold fricuon velocity due to the nonerodible elements 

In worlung with the rapid assessment method several hmtauons and difficulues wth  the procedures and 

caiculauons were encountered The reference document (Cowherd and others 1985) cauuons that the 

procedures prowde only a first-cut, order of magmtude esumate of exposure m limted apphcauons 

Nevertheless the Cowherd method is endorsed as affordmg a degree of accuracy consistent with 

simplified quanutauve esumauon procedures (EPA 1988b) Approaches such as the Soil Conservauon 
Service method (Woodruff and Siddoway 1965) to estmate wind erosion apply to annual losses from 

crop land and cannot be apphed to generate short term esumates The Cowherd method was selected 

because of the current land use or the Site the nature of the soils and vegetauve cover in OU 5 and the 

episodic high wind events characrensuc of the regron 

Certam assumpuons incorporated mto the rapid assessment method somewhat limted the hteqretatlons 

of the OU 5 study Most apparent was the uuhzauon of only a few sieve sizes to estunate the mode of the 

aggregate sue Soil elements 1ar-p than 1 cm (nonerodible elements) were not mcludcd m the ueve 

analysis At some locat~ons thls fracuon composed the most volummetnc fracuon Standard sod sievmg 

techmques quanufy the fracuons by weight The Cowherd rapid assessment method calls for vlsual 

eshmates of the relauve sizes of the catches Invesugators for this study improved the techxuque by 

volummemcally measurmg the mdmdual fracuons to eshmate the mode In addruon it was drfficult to 
estlmate how much of the nonerodtble elements were embedded in the ground surface When m doubt 50 

percent seemed like a reasonable esumate A senous limtauon that was noted by the mvesugators was 

the poor quanutauve accounung tor the mtugaung effects of parual vegetauve cover Correction factors 

for nonerodible elements could not be assigned values greater than 10 due to limtatlons m the graph 

accompanyng the reference documtnt. 

of W m  Field work was performed from January 20 to 

January 27 1995 Weather conbuons dunng the month pnor to the field study were unusually dry All 
soils were dry dunng the study p o d  Ambient temperatures were unseasonably warm m the 40 "F and 

50 F ranges Dayume winds dunng the study penod were light from the southeast and east. 
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The 1993 OU 3 wind tunnel study exarmned four terrestrial sites These same four terrestnal sites were 

mvesugated as part of tlus study of wind resuspension potenual (Figure 2 5) Sites T 1 T 2 and T 3 of 
the OU 3 wmd tunnel study were chosen for that study as representauve of the soil and vegetauon 

conditlons on areas dxectly east of the Site Condltlons were somewhat different at each site At T 1 the 
soil was a clayey silt with some fine gravels and vegetauve cover was far  to good Locauon T 3 was 
three fourths of a mle or more east of T 1 Here the soil was a sdty sandy gravel Although the 

October I995 

vegetatlve cover was far less than at T 1 the other nonerodible elements provided a comparable overall 

coverage Locauon T 2 &splayed a sllty sand with fau vegetauve cover The fourth terresmal locauon 

T 4 was about two mles southeast of the other three OU 3 wind tunnel study sites It had been selected 

because it was charactensucally different from the other three sites The soil was a silty sand and 

although the aggregate size mode was comparable to two of the other OU 3 sites the vegetauve and other 

nonerodible cover at tlus fourth locauon was rmntmal 

Ten locauons in two groups of five each were chosen as representauve of soil and vegetation condiuons 

withm IHSS 115 (Figure 2 6) Surface slopes throughout the Ongrnal Landfill are fmly steep 15 percent 

to 40 percent and facmg south Locauons 1 l5AQl through 1 l5AQ5 were situated west to east along the 
top of the landfill slope Soils were gravelly sands with larger aggregate size modes and noaceable bare 
soil The extent of nonerodible elements both gravels cobbles and vegetation was vmable Locauon 
1 l5AQ5 was somewhat down the slope and &splayed a smaller aggregate size mode and more vegetatlve 

cover The remarung locat~ons 111 IHSS 115 115AQ6 through 1 15AQ10 were situated east to west along 
the lower elevauons of the landfill They were charactenzed generally by smaller aggregate size modes 

and very good vegetauve cover 

Withm IHSS 133 five locauons were exammed as representauve of condmons m that area of mterest 

(Figure 2 7) Area slopes were gentle approxlmately five percent with a south onentauon Soils were 

gravelly sands and sandy silts with smaller aggregate size modes Vegetauve cover was excellent usually 

complete 

At b s  wriung the three surface disturbance areas on the south side of Woman Creek are not considered 
areas of contarmnant concern and have not mcluded as radiological sources 111 the 81t dqerslon modelmg 
for the OU 5 RFVRI Fewer locatlons w i h  these three areas were exarmned 111 th~s wmd resuspension 

study 
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The Surface Disturbance South of IHSS 133 is located on a flat hlltop on the south side of Woman Creek 

Wihn thls area, two locations identified as SASH AQ16 and SASH AQ17 were invesngated (Figure 2 

8) Soils were gravelly sands mdlcauve of a hlltop situauon The aggregate size modes were smaller 
Vegetauve cover was very good 

IHSS 209 is a large basically level surface disturbance area on another hlltop on the south side of 

Woman Creek Three locauons idenufied as 209AQ18 through 209AQ20 w i t h  IHSS 209 were 
exammed (Figure 2 9) The soils on thts hlltop were generally sandy gravels e&bitmg larger aggregate 

modes Vegetatlve cover was only fau but other nonerodible elements added conspicuous protection 

from wind erosion 

The Surface Disturbance West of IHSS 209 is a moderately sloping Mlside north faclng on the south 

side of Woman Creek Two locauons W209AQ2 1 and W209AQ22 were exammed ln thts homogeneous 

area (Figure 2 9) Gravelly and clayey sands charactenzed the slope Aggregate slze modes were smaller 

Vegetauve cover was umformly very good. 

The results of the OU 5 study of wlnd resuspension potentlal are summatlzed ~II Table 2 11 The rapid 

assessment method produced values for threshold fnctlon velocitres at the four OU 3 wmd tunnel study 

sites that were withtn the same order of magmtude but hgher by several factors as the results of the 

actual OU 3 wind tunnel study (Table 2 12) Field observauons of the vegetative and sod cond~trons at 

both the OU 3 wmd tunnel study sites and throughout OU 5 found that the two areas generally were 

comparable Aggregate size modes of soil parhcles were typically larger throughout OU 5 than m OU 3 

The vegetave cover was generally more extensive 111 OU 5 than III OU 3 exceptmg the top of the slope at 

the Ongmal Landfill and IHSS 209 

The threshold fnctlon velocihes calculated for the OU 5 locauons were conslstently hghcr someumes by 
an order of magmtude than the values reported 111 the OU 3 wind tunnel study Consequently the 

threshold wind speed values from the OU 3 study can be apphed to the audispersion modehg for the OU 

5 RFI/RI and HHRA with the confidence that conservauve health protectlng assumptlons are belng 

exercised 
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The rapid assessment method yelded values that are conservauve esumates of the threshold frrcuon 

velocitles and threshold wmd speeds around OU 5 With the avdabihty of the results o f  the wmd tunnel 

study at OU 3 where field condhons are generally comparable to OU 5 more accurate values are not 

requlred at this ume for a r  dispersion modeling 

5 3 3 4 Conceptual Model for Air Transport of COCs 

COCs in surface soils may be transported wa ermssions of fugiuve parttculate matter to onsite and offsite 

exposure pomts Inhalatlon of  contammated paruculate matter is a potenually complete exposure pathway 

for current and future outdoor workers ecological researchers and open space users Potenual 

contmnant intake and corresponding risks associated with these me&a will be evaluated 111 the "RA 

(DOE 1995b) 

5 3 3 5 Assumptions and Limitations for Air Model 

The FDM is based on the well known analpcal Gaussian plume formulation that constlh~tes the basis of  

almost all atmosphencdispersion models approved by EPA for regulatory use (Turner 1970 EPA 1986) 

The FDM mcorporates an improved grdent transfer deposiuon algonthm based on analyhcal equmons 

of Ermak (1977) for compuung concentrauon and deposiuon values of  fugiuve pmculate matter at user 

selected receptors The lrne source and area algonthms in the FDM are those III the CALINE3 model The 

CALINE senes is also based on the analyt~cal Gaussian equauon and is a preferred regulatory model of 

EPA(EPA 1986) 

Assumpuons and lirmtauons mherent m the FDM include those common to all awclqmsion models 

based on the Gaussian plume equauon 

The source emssion rate is assumed to be constant 

Diffusion m the dlrecuon of transport is assumed to be small compared wtth advecuon by 
wind speed in that dlrecuon 

0 The matenal diffused is assumed to be a stable gas or aerosol that r e m  suspended in the 
a r  over long penods 

All pollutants are assumed to exhibit perfect reflecuon from the ground and from an upper 
inversion surface 
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A mean wmd speed is assumed to be representauve of the diffusing layer chosen 

The mean wind speed dxectlon specifies the x axls 

Wmd speed is assumed to be constant and the turbulent fluctuatlons in the x duectlon are 
much greater than in the y or zdirectlons 
The tlme averaged concentrauons of plume constltuents are assumed to be distributed 
normally in both cross wind and vertlcal dlrecuons 
Values of sigma y and sigma z are representauve for a samplmg tlme of about 10 msnutes 

Downwlnd concentraon values are hmted to receptors with 50 km of the source (Turner 
1970) 

With the FDM depositlon rouune these assumpuons and llrmtauons apply 

Eddy difisiviues are assumed to be funcuons only of downwmd distance 

0 Eddy diffusivity is assumed to be constant for all space and tlme 

0 Concentratlon and depositlon values are numencally integrated for a large number of cases 
lnvolvmg drfferent meteorological conditlons different parucle sizes and drfferent release 
heights in the FDM program A numerical soluuon was developed to correct the 
concentratlon values so that appmumate mass conservation is ob- for all cases In 
general for pmcles smaller than 10 mcrons the corrections are very smaU for all cases 
exauuned Correctlon factors are blult into the FDM and the use of correchons factors is 
entvely transparent to the user (Winges 1991) 

A number of assumpuons relatmg to the mput parameters for audspersion modehg for OU 5 were 

incorporated mto the study 

The pmcle size dismbuhon of the parent soil deterrmnes the size &smbubon of suspended 
parucles ms assumpbon is based on discussions m the Superfund Exposure Assessmenr 
Manual @PA 1988b) 
Potenual emssions of fugihve partrculate matter from the area sources are limted to those 
generated by wmd erosion. There is no vehicular traffic on the sources 

Pmculate ermssions are zero when wmd speeds are less than the tbrtshold wlnd speed 

Erosion potentlal is completely and evenly depleted in one hour of an e p i s d c  wmd event 
that exceeds the threshold wmd speed For wind events lasung more than one hour the 
erosion potenhal is renewed at each subsequent hour 
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5 3 3 6 Setup and Calibration of Air Model 

This secuon descnbes in detal the FDM mput parameters regardmg sources meteorology and receptors 

A discussion about the calibrauon or venficauon of the model is also presented 

Area Sources Area sources must be specified as rectangles for the FDM Coordmtes and Qmensions m 
feet were obtamed from the Louisville Quadrangle 7 5 m u t e  senes (topographcal) map (USGS 1979) 

The last five hgits of the coordinates were manually converted to meters for the FDM source input 

parameters 

For the OU 5 study five area sources of radiological contarmnauon were modeled (Figure 5 33A) These 

areas were selected on the basis of the analytical results for surface sod samples with radionuclide 

acuviues greater than those of the background UTLs They were defmed and modeled pnor to the 

decisions regarding the defuuuon of the three AOCs in OU 5 FDM source q u t  coordinates and 

dimensions (m meters) and radionuclide levels are presented m Table 5 27A 

Withm IHSS 115 three area sources of radiological contarmnauon were modeled The sources of  

radiological contammatron m the laudfill are thought to be exhumed matends that were brought to the 

surface dunng past disturbances of landfill matenals Source 1 was specified as a rectangle to encompass 

a cluster of samples in the mddle of the IHSS that showed ra&onuclide ac~wtIes greater than those of 

correspondmg UTLs The rectangle was designated to represent =form emsions wtrhm the source 

Radionuclide levels were obtamed by averagmg the results of 18 surface soil samples collected withm the 

rectangle Although only 13 samples wihn  the rectangle actually showed rdonuclide acuvitles greater 

than the UTLs data for all surface sample points withm the rectangle (exceptmg those two ehbiung 

unusually hgh results) were averaged together to represent the area wde average Source 2 was drawn as 

a small 25 ft square centered on one surface soil sample that showed unusually elevated levels of  urmum 
isotopes withm the Source 1 rectangle The amencium 241 and plutomum 239/240 results for the Source 

2 sample were negatrve values so a source strength of zero was assigned for modelmg purposes 

Simlarly Source 3 was drawn as a 50 ft square centered to represent a distmct area m the western portion 

of IHSS 115 where one surface sample showed elevated levels of urmum isotopes 

I 
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IHSS 133 the ash pits was repnscmcd%y Sources 4 and 5 a8 two ixmigms rectangles Source 4 was 

drawn as a larger rectangle encompassing IHSS 133 6 133 5 133 4 133 1 and 133 3 and nearby surface 

soil sample pomts Source 5 was drawn as a smaller rectangle encompassmg the IHSS 133 2 pits and two 

surface soil sample points just east of MSS 133 2 Radiological contammatlon is drstnbuted more or less 
evenly across IHSS 133 that is there are no outstandmg hot spots Both rectangles represemg IHSS 
133 were assigned radronuclide levels obtamed from the averages of all surface soil samples collected for 

the IHSS The number of analyzed samples vaned with consutuent 19 samples for amencium 241 22 for 

plutomum 239/240 17 for urmum 2331234 22 for uraruum 235 and 21 for urmum 238 

October 1995 

For the OU 5 study five area sources of orgaruc and metallic chemtcal contarmnatron were modeled 

(Figure 5 33B) These five areas are not the same as those for the area sources modeled for radiologxal 

contammauon although ther locauons are simlar and were selected where results of smsucally 

identified COCs were clustered. The FDM source mput coordmates and dmensions (m meters) and the 

concentrauons of orgmc and metallic COCs are presented m Table 5 27B 

IHSS 115 contamed four area sources of surface soil contammaon Source 1 was drawn as a IO-acre 
square covenng the approximate mddle thud of the old lanNiIl Source 1 contamed elevated levels of all 

1 1  COCs Mean concentrmons of COCs were obtained by averagmg the results of as many as 35 surface 
soil samples w i t h  the area. There are three small areas with the IO acre Source 1 area, from whch 

samples yielded results that were one or more orders of magmtude hgher than the other sample results 111 
Source 1 These hgher results were not mcluded 111 the Source 1 averagmg but were treated as drstxnct, 

smaller area sources Source 2 was drawn as a 25 ft square centered on one surface soil sample that 

showed higher levels of benzo(a)anthracene benzo(a)pyrene benzo(b) fluorantkne 

&benzo(a,h)anthracene ff uoranthene md&no( 1 2 3-c d)pyrene and pyrene Source 3 was drawn as a 25 ft 
square centered on one surface soil sample that showed hgher levels of drbenm(a,h)anthraccne 

fluoranthene and mdeno( 1 2 3-c d)pyrene Source 4 was drawn as a 25 ft square centered on one surface 

soil sample that showed hgher levels of silver 

IHSS 133 contamed one area source for the surface soil COCs Source 5 was drawn as a 10 acre rectangle 

covenng the southeast pornon of the ashpits (IHSS 133) 
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Panicle Size Infomarion Parucle size distnbuuon and density charactcnsucs were obtamed from the 

Phase I RFVRI field geotechcal mvesugauon of OU 5 surface soils (DOE 1994a) On the basis of  

discussions presented in the Superfund Exposure Assessment Manual (EPA 1988b) three pmcle size 

classes were selected parucles s 10 pm aerodynamtc equvalent diameter that are avalable for mhalauon, 

parucles 10 30 pm diameter range that are suspendible and can be transported considerable distances 

downwind and parucles 30 100 pm dmneter range that abrade the sod surface and dtslodge smaller 

parucles but themselves settle within a few hundred feet of  the source The mdpomts of each class were 

selected as the charactenstrc parucle size diameters 5 pm 20 pm and 65 pm 

October 1995 

For parucles less than 20 pn. the p m c l e  size dismbutlon of the parent soil detammes the size 

distnbuuon of  suspended pamcles @PA 1988b) Field invesugauons of the gram size distnbuuons were 

conducted for IHSS 115 the surface disturbance west of IHSS 209 MSS 209 and the surface disturbance 

south of the IHSS 133 ashpits (Table 5 28) The soil gram size dstribuuon o f  MSS 115 was assigned to 

IHSS 133 

Threshold Wind Speed Fncuon velocity whch is a measure of  the wmd shear at the erodible surface 

cbaractenzes the capacity of the wind to cause surface pmcle movement Thrtshold frtcuon velocity is 

the mnmum velocity that results in soil movement Threshold wtnd speed IS the equvalent wnd speed at 

an elevauon above ground surface for example 10 meters above ground, whlch IS the standard height of a 

reference anemometer 

The soil surfaces of  al l  IHSSs wthm OU 5 are nonhomogeneous at least parually vegetated and 

impregnated with other nonerodible elements such as pebbles cobbles and boulders Such 
nonhomogeneous surfaces are charactenzed by the limted avalability of erodrble soil (Cowherd and 

others 1985) Such surfaces have htgh threshold wind speeds for the commencement o f  wmd erosion and 

paruculate emssion rates tend to decay rapidly dunng an erosion event 

In 1993 EG&G Rocky Flats Inc contracted Midwest Research Instttute to perform a study to quantlfy 

wind resuspension emssions of paruculate matter from the soils and sedments of OU 3 WOE 19%) 

The test sites were concentrated 111 three locauons the shore around Standley Reservolr the shore around 

Great Western Reservoir and four terrestnal sites east of Indiana Street When site condmons were 

undisturbed the average threshold wind speed of the four terrestnal sites was >lo2 mdhr When site 
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condiuons were severely dtsturbed by vehcular traffic the average threshold wlnd speed of three 

terresmal sites was 42 mdhr (18 92 m/s) (The fourth terresmal site was not exarmned m a d~sturbed 
condihon ) 

October 1995 

Two approaches were applied to determme the threshold wmd speed for OU 5 con&uons Both 
approaches were based on a rapid assessment methodology outlmed by Cowherd and others (1985) to 

esumate the threshold fncuon velocihes of soils The first approach used the detiuled geotechcal data 

for OU 5 surface soil samples o b m e d  in the Phase I RFWRI field mvesugauon (DOE 1994a) to esumate 

the soil pmcle size lstnbuuon mode Data were corrected for nonedb le  elements as drscussed m 
Appenhx A of Cowherd and others (1985) Finally the corrected threshold fnctmn velocity was 

calculated to be approxlmately 150 cm/s The correspondmg threshold wind speed at a 10 m reference 

anemometer is 24 3 m/s (54 6 mr/hr) When hourly averaged meteorological data for the five years 1988 

through 1993 collected at the Rocky Flats Plant were exammed not one hour exceeded thls OU 5 

calculated threshold wmd speed of 24 4 m/s 

The second approach to esumate a threshold wmd speed for OU 5 condmons actually implemented the 

Cowherd rapid assessment methodology m the IHsSs throughout OU 5 and at the four temstnal s&!s 

exammed m the 1993 OU 3 wmd tunnel study (Secbon 2 2 1 7 4) The rapid assessment field study 

esumated threshold fncuon velociues at the OU 3 locauons two to five hmes hgher than those detcrmmed 

by the OU 3 wind tunnel study The rapid assessment field study esumated threshold wmd speeds for OU 
5 condiuons at 150 mdhr to 400 rm/hr 

The average 10 m threshold wmd speed detemuned for the three severely disturbed terresmal sites m the 

OU 3 wind tunnel study (18 92 ds) was used for the au dupersion modelmg of wmd resuspended 
contammated soils from OU 5 Th~s selmon was considered to be consematwe because sods at the OU 5 

sites generally display more non erodible elements (vegetmon and pebbles cobbles and boulders) than 

the three OU 3 locmons and moreover are not dsturbed A total of 11 days throughout the 5 year penod 

were idenufied with wmd speeds e x d m g  thls lower threshold wind speed 

A threshold fnchon velocity of 1 17 m/s was calculated from the 10 m threshold wmd speed of 18 92 m/s 

by using the loganthmic velocity profile equmon (EPA 1985 Semfeld 1986) A macro scale roughness 

height for Rocky Flats 1 5 cm was used m the calculauon DOE 1994~) 
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Erosion Porenrtal and Emmion Rates The erosion potenbal for a dry exposed surface is given by 

P(u) = 58(u u )2 25(u u ) (Equatron 5 3 3 1) 

where 

P(u) = erosionpotentld g/m2 

u = frichon velocity m/s 

u = threshold fncuon velocity m/s 

Thls equatlon for erosion potentlal was determmed empincally for indusmal coal pdes and other exposed 

rnatenals usmg a portable wind tunnel like that uuhzed for the OU 3 wind tunnel study (EPA 1985 

Midwest Research Institute 1988) The OU 3 wmd tunnel study (DOE 1994c) found that this equauon 

for mdustrial wrnd erosion potenual substantlally exceeds the measured erosion potenuals for the highly 

&sturbed surfaces tested in OU 3 

Agam using the loganthrmc velocity profile equauon the ground surface wtnd speed is related to the 10 

m wind speed by 0 062q,,, 

For the OU 5 conditlons discussed above the erosion potenual equauon becomes 

P(u) = 58(0062u 1 17)2+25(0062u 1 17) g/mz (Equauon 5 3 3 2) 

where 

u = ylm) wmd speed at 10 meters 

Completmg the mulbplicauons the equatron becomes 

P(u) = 0 222952~~  6 86464u + 50 1462 (Equauon 5 3 3 3) 

Assurmng that the enme erosion potenhal is depleted m a 1 hour e p i s d c  wmd event, the parhculate 

matter emssion rate can be calculated by diwding the P(u) equauon by 3 600 s/hr 

E, = 6 193 11E 05u2 1 90684~ + 1 39295E 02 (Equauon 5 3 3 4) 

where 
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Em = fugiuve partlculate matter emission rate g/m2 s 

u = u(lm wind speed at 10 meters 

The erosion potential and the emssion rate equauons are dependent on wmd speed m a quadrauc format 

that the most current published version of  the FDM version 94040 cannot accommodate The FDM 
versions avalable through the EPA Technology Transfer Network are wntten in a first-order relatronshp 

to wind speed Because of  this limtatron Mr IGrk Winges the author of the FDM prepared a special 

version of  the 94040 FDM that provldes the additronal capability of entemg emssion sources as a 
quadrauc formula for the threshold wind speed case (Winges 1994) The mo&ficatron is 111 Card 14A of 

the FDM input file which is wntten UI the format 

E, = G,u' + G,u + G, (Equatlon5335) 

where 

E, = fugiuve paruculate matter emwion rate g/m2 s somehmes termed Q 

G2 1 = coefficients d e t e m e d  as discussed for Equauons 5 3 3 3 and 5 3 3-4 
G3 J 

u = U(l0m) wmd speed at 10 meters 

The range of the FDM output values is limted to values that are neither too small nor too large for the 

number of sigmficant figures and decimal pomt placement avalable in the model If the concentrauon or 

depositron results are too small the FDM reports the results as 0 oo00 If the concenamon or depositron 

results are too large the FDM reports the results as ****** To accommodate U s  lmtauon a multtplier 

can be applied to the G coefficients so that the FDM will provide actual numencal resuits The multiplier 

is selected on a case by-case bass typically by mal and error dependmg on the order of magmtude of the 

COC concenttauon Interpremg the model output results must be done with this mulupher 111 mmd 

because the multrplier detemunes the order of magnttude of the output values (Table 5 29) 

A COC emsston rate is determmd by muitxplymg the fugiuve particulate matter emmion rate by the 

COC concentrauon in the soil (pCdg of soil for radionuclides) 

E m- = XE,) (Equahon 5 3 3 6) 
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where 

E urrrrrrm = COC emssion rate pCdm’ s 

X = contarmnantconcentratron pCdg 

E, = fugiuve pmculate matter ermssion rate g/m s 

To summanze the coefficients G, G, G, m the quadrauc wind speeddependent equatton for Card 14A 

of the FDM were d e t e m e d  muluplylng the coefficients of the terms m the emmion rate equauon for 

fugmve paruculate matter fmt by an arbitrary multrpher and second by the COC concentrmon The 

FDM output values are m terms of a not pmculate matter concentr&ons and depositrons the 
magmtudes of whch were detemned by the selected muluplier This process is summanzed for 
amencium 241 (Table 5 30) The values for all consutuents are evident in the source terms of the FDM 

mput files presented in Appendices I through L 

Meteorological Input EG&G Alr Quality Department prowded preprocessed meteorological data for the 

full calendar years 1989 through 1993 Data ongmated from the Site meteorological tower whch ts 

located about 2 km northwest of OU 5 Instrumentauon IS at 10 m elevahon above ground level The site 

meteorological data are collected m 15 m u t e  averages However b s  tme penod is not sutable for au 

Qspersion modeling with the FDM Consequently the meteorologml mformatron were compiled mto 1 

hour averages Input mcluded wmd speed (ds) wmd dlrectron (degrees from north) stahlity class 

(Turner classificauon) mmng height (m) and ambient temperature (degrees Kelvin) Stabrlity classes 
were detemned from the standard dewahon of the honzontal wmd dlrectron (EPA 1986) M m g  

heights were estrmated Erom Holzworth (1972) Missmg data were treated accordmg to EPA policies 

@PA 1986) 

Receptors Selectron of receptors was based on the potenually complete and relauvely insigruficant 

exposure pathways that were prewously selected for quauutatrve rlsk assessment for exposures to 

radionucltdes orgamc compounds and metals (DOE 1995b) Potenual receptors are associated with 

unspecified locauons m the three AOCs wthm the OU 5 study area. A X 1  is MSS 115 the onpal 
landfill A X 2  is MSS 133 the ash pits and AOC3 is the Woman Creek drmage 
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a For modellng of maximum impacts of potenual receptor pomts associated with AOC 1 and A X 2  nonh 

south rows of receptors at 100 ft spacing were posiuoned on the east (downwmd) edge of the larger 

rectangular area sources discussed above or dlrectly east of the area sources that were rotated fiom the 

north south ms (Tables 5 3 1A and 5 3 1B Figures 5 34A and 5 34B) These receptors were dubbed the 
Near Group receptors The Near Group receptors for modehng of rad~onuclide COCs and orgaruc 

compound COCs although termed alike were posiuoned somewhat dfferently because the area sources 

for each type of contarmnatlon were drawn differently The Near Group receptors were modeled usmg 
the FDM convergent algmthm for area sources 

For modehng of =mum impacts withm AOC3 the Woman Creek dramage a Gnd Group of receptors 
at 1 000 ft spaclngs throughout the enure OU 5 study area was designed Receptor #22 was closest to 

Woman Creek and also downwmd fiom IHSSs 115 and 133 To the Gnd Group w m  added RAAMP 
samplers 13 14 23 32 and38 (Table5 31C Figure5 35) RMMPsamplers 13 14 23 and38 are 

situated in or near the Woman Creek Dramage RAAMP sampler 32 was chosen as an upwmd background 

sampler The Gnd Group was modeled usmg the 5 h e  integratron default for area sources 

Venfcation Venficatlon of the FDM for the OU 5 invesugabon was accomplished by comparing model 

output with ambient a~ momtomg data collected by the RAAMP and special OU 5 samplers The 

conclusions of these venfkauon procedures relate to the accuracy of the model and the uncertamty of the 
output Ambient a u  data avadable for venficahon are limted to those months when data from the OU 5 

samplers were reported and when wmds exceedmg the threshold wind speed of 18 92 m/s were recorded 

by the Rocky Flats Plant meteorological tower 

Three special OU 5 ambient a u  samplers were lnstalled m the summer of 1992 and became operable m 
October 1992 Sampler S102 is located north and west of OU 5 as an upwind momtor Sampler SlOO 1s 

situated downwmd of MSS 115 Sampler SlOl IS placed downwind of IHSS 133 procedures for the OU 

5 samplers are the same as for the RAAMP samplers filters are collected biweekly Once a month the 

two filters collected from each au momtomg smon are cornposited pnor to isotopic analpls 

Radionuclides analyzed for the OU 5 filters are amencium 241 plutonium 239040 urmum 2331233 

urmum 235 and uranium 238 As of March 1 results of 12 samples from each momtor represenhug the 

penod October 9 1992 to August 4 1993 had been entered into RFEDS Of the 12 samples only the first 
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two samples (October 9 1992 and November 10 1992) had been compietely validated at the ttme of h s  

modeling 

RAAMP samplers 13 14 23 and 38 are m or near the Woman Creek dramage However RAAMP data 

did not prove useful for venficauon purposes because filters from these samplers are analyzed only for 

plutonium 2391240 Furthermore the locauons of these samplers were chosen to momtor sitewide 

condiuons rather than point sources or even area sources such as OU 5 

Dunng the penod October 9 1992 to August 4 1993 only the penod December 30 1992 to January 26 

1993 exhlbited wind speeds with 1 hour averages exceedmg the selected threshold wind speed of  18 92 

m/s (42 32 mdhr) These occurred on January 21 1993 hours 8 and 9 when wmds averaged 22 96 m/s 

and 19 23 d s  respecttvely The wmd speed of 22 96 m/s is the hghest 1 hour average wind speed 

recorded for the years 1989 through 1993 

Venficatron MS for the FDM usmg the five h e  mtegrauon default modeled the penod January 1 31 

1993 Model output was compared with the OU 5 ambient rn data for the penod December 30 1992 to 
January 26 1993 (Table 5 32) FDM mput and output files for the venficauons 

Appendlx I Model runs uhhzmg the convergent algorithm for near source receptors produced output 

results substanually the same as model runs wth the five line mtegrauon Model results for ameriaum 

24 1 were two and four orders of maptude below ambient levels for plutomwn, model results were one 

order of magnitude below ambient levels Model output values for uraxuum 233/234 and urmum 235 fell 

withm the same order of  magnrtude as the ambient data Model results for urmum 238 were one order of  

maptude above the ambient data. 

arc included rn 

Uncenarnty and Accuracy A succrnct &scussion of the accuracy and u n m t y  of models is presented 

m EPA s Gurdelmes on Air Qualrty Models (EPA 1986) AlrdIspersion models are morc reliable for 

longer term averaged concentratlorn than for short term concentratlons at spectfic locauons Models are 

reasonably reliable for esumatmg the magmtude of hghest concenumons occumng someume 

somewhere m the area Alr &spersion models are recognized to exhtbit an accuracy w i w  a factor of two 

and are typically more accurate 
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Model uncertarntles fall mto two categones inherent and reduable Inherent uncertmues arise from 

unmeasured or &own condiuons of an event and may vary among repeuuons of the event Such 
uncertamues would extst in even the perfect model and may account for a typical range of vanauon m 
output values of as much as 50 percent Reducible uncertitlnues are associated with the model and it input 
condiuons Improvements m the physics of the model and the accuracy of the q u t  parameters can 

mtmrmze the amount of reducible uncertamty 

Improvements to the mathemattcal algonthms of a sancuoned public-domam model ltke the FDM are 

generally limted As discussed above the source mput mechamsm of the FDM was adjusted by the 

model developer to account for the quadrauc form of the winderosion equauon as applied m h s  study 

(Wmges 1994) This modificatton addressed input formats rather than model mathemattcs 

Two important issues relate to the venficauon of the itlr dispersion model m the OU 5 situation The ftrst 

is the muluplicity of radionuclide sources m the OU 5 and the Site vlcmty The sources of the 
radionuclides on the OU 5 sampler me&a do not ongmate solely from the IHSSs of OU 5 An 
exammaon of the OU 5 sampler data for the pen& December 30 1992 to January 26 1993 for 

americium 241 illustrates thts pomt (Table 5 32) Amencium 241 levels on the upwmd sampler S102 

are higher than on the downwind samplers SlOl and SlOO Restncung the emssion sources that 

contnbute to any receptor m the site vicuuty such as the OU 5 samplers for venficauon purposes to the 

IHSSs of OU 5 is a simpllfymg convenbon for modelmg purposes only In actuahty there are no real 
world ambient data attnbutable only to OU 5 sources 

The second issue concerns the wmd resuspension rate of contammated sod As of the date of ths report a 

study of the wmd resuspension potenml such as that conducted at OU 3 O E  1994c) has not been 
performed for OU 5 As a result, the values obtamed 111 the OU 3 study were assumed to be applicable to 

OU 5 for the purposes of OU 5 u d q e r s i o n  modelmg Several model runs were performed to invesugate 

the sensitlvity of the FDM to values for roughness height and threshold fncuon velocity Roughness 
height was varied from 0 022 cm to 1 5 cm Threshold fncuon velocity was v d  from 40 c d s  to 117 
cm/s Threshold wind speed was mmtamed at 18 92 m/s The model output valua generally remmed 
withm the same or one order of magmtude d w g  tius sensiuvtty analysis (1 e the FDM is relauvely 

insensitwe to vanauons related to threshold frrcuon velocity) 

I 
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Companson of the model results with ambient SUT data collected at OU 5 samplers and sensiuvity runs 

mdicates that the FDM output values of radionuclide concentrabons are accurate withm one order of 

magmtude 

5 3 3 7 Results of Air Modeling 

Au modehg runs to eshmate the mmmum values for deposihon and exposure concentrahons at the 

selected OU 5 receptor pornts were performed with the FDM usmg the mput parameters descnbed rn 
Sechon 5 3 3 5 The mput and output files for the FDM runs for radmuclide COCs are rncluded tll 

Appendix J for orgamc COCs in Appendix K and for metal COCs m Append= L 

Modehg exercises utllmng the five h e  mtegrauon algomhm on the gnd group of receptors were 

conducted for each of the five years of avsulable meteorological data (1989 through 1993) to ascatam the 

year of max~mum exposure The year demonstratmg the mmmum values for annual average 

concentratton and deposiuon for the selected receptors was 1990 (Table 5 33) The year 1990 e ~ b i t e d  

14 hours of 1 hour average wrnd speeds exceedrng the selected threshold wtnd speed of 18 92 m/s These 

h ~ g h  winds occurred m three episodes For hgh wmd episodes lasung more than one hour it was 

assumed that the erosion potcnual was renewed with each successive hour 

Dunng 1990 the highest 24 hour averages of ambient concentrauon and dcpositlon of COCs for the 

downwind receptors occurzed on December 14 (Table 5 34) The hghest 1 hour average wrnd speed 

dunng 1990 was 22 72 d s  whch m d  toward the end of a sustamd hgh wmd episode d m g  Hour 
22 on December 14 For all of 1990 the maxtmum 1 hour concentrauon and deposition values for 

selected OU 5 receptors generally occmcd dunng that hour or on anorher hour of December 14 (Table 5 

35) The times of the nuuumum values for the receptors vary somewhat because the readings at a 
parhcular receptor depend on wrnd h u o n  as well as wmd speed 
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5 3 4 Indoor Air Modeling 

October 1995 4 

5 3 4 1 Objectives of Indoor Air Modeling 

The scenano of the mtrusion of soil gases through the below grade foundatton floor and walls of  a future 

on site office butldmg has been idenufied as sigIllficant illr exposure pathway for the OU 5 IHSSs (DOE 
1995b) Presently no buddmgs are located in OU 5 The objechve of the mdoor au modelrng was to 
esumate the exposure concentrauons of COCs that are released mto mdoor a u  by rntrusion of the gaseous 

phase dlrectly from the vadose zone of  the sods surroundmg the floors and walls of future buldmg 

foundauons 

5 3 4 2 Selection of Indoor Air Model 

EPA provides techmcal guidance for assessmg potential mdoor a r  impacts for contarnurated sites @PA 

1992a) For modelmg the concentraUons of chemcai vapors m mdoor a u  due to soil gas entry the 

Johnson Ettmger models are recommended (EPA 1992a Johnson and Ettmger 1991) The model 

equauon correspondmg to an d i m e  contamtnant source and vapor mfiltrauon through crackdopexmgs m 
the foundmon is the most useful for general apphcauon Thls model equauon was selected for suppomg 

the HHRA of potenual mdoor atr lmpacts for OU 5 It is descnbed M y  m TM13 DOE 1994b) as well 

as in the resource documents (EPA 1992a Johnson and Ettmger 1991) 

5 3 4 3 Conceptual Model for Indoor Air 

The transport of contarmnants from soil gas mto a bddmg foundauon is understood to OCCUT by a 

combmauon of convecuve and dlffuslve transport mechasms The relave sigarficance of these 

mechanisms depends on site charactensucs In the case where the contamrnant sourcc lies duectly 

beneath the foundauon the convecuon mechasm dormnates the transport of vapors mto the bwldmg If 
the source is distant from the foundatton, transport is controlled by diffusion from the source to the 

foundauon Potenual contarmnant risks associated with indoor an of future bullclmgs contammated from 
VOCs in soils adjacent to the foundauon will be evaluated m the "RA 
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5 3 4 4 Assumptions and Limitations for Indoor Air Model 

Assumpuons and limtations mherent m the Johnson Emger equation correspondmg to the general 
applicauon m whch the contarmnant source is mfiite with respect to the modeling ume of mterest and 

vapor inftltratlon is through cracks or opemngs m the foundatlon, mclude the following 

The distance from the source to the buildmg is assumed not to change wth Ume and 1s 

assumed not to change ln composition over the tune of lnterest for the calculahon 
0 The contamtnant source is assumed to lie dvectly beneath the foundahon 

0 The modelmg equatron applies to structures with crawl spaces and slab floor construcuon 
wth solid (1 e poured concrete) below grade walls Other Johnsan Ettmgcr modelmg 
equauons correspond to cases m whch soil gas transport mto burldings is substantially hrghcr 
through relmvely permeable matenals (e g concrete black construcUon below grade) than 
through foundatlon cracks and openmgs or to cases m whch a contamrnant is located near the 
buildmg and decreases over tune @PA 1992a) 

5 3 4 5 Set Up and Calibration of Indoor-Air Model 

Informauon concemmg dimensions and venulahon charactensucs of typical commercial buldmgs for 
Jefferson County Colorado was o b w e d  from the Jefferson County Buildmg Department (Nhser pen 

comm 1993) 'Rus m f o m o n  along with buddmg material published m the source documents (EPA 

1992a Johnson and Ettmger 1991) was used to detenntne those &Uonal properUes requued for the 

mdoor a n  modelmg of the mrxusion of soil gas rnto future onsite buldmg structure8 (Table 5 36) 

A real ume sod gas survey was conducted as part of the Phase I RFyRf field mvestigatim The purpose 
of h s  survey was to ident.@ areas of VOC contarmnabon withua MSS 115 and MSS 196 ' h e  

methodology and fmdmgs of the sod gas survey are drscusscd m TM15 (DOE 1994a) The m e y  

resulted m the idenUficmon of three areas of anomalous concentmhons of o q m c  COmpoMdB above the 

reporting huts The three idenhfied VOCs were 1 1 1 TCA TCE and PCE (Table 5 37) 

The volummemc flow rate of a soil gas mto a budding foundatlon IS related to the vapor viscosity of the 

gas Vapor viscosity is lnversely proporhonal to temperature (Table 5 38) The lower values for vapor 
vlscosity were used in the Johnson Etunger calculations 
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The Johnson Ethnger equauon calculates a rauo (a) of the gas concentrauon lnside the bmldmg to the 

soil gas concentrauon at the source 

October 1995 

a 

where 
a 

4- ff 

AB 

Qbldg 

LT 
Q i l  

L- 

D- 

L 

(Equauon 5 3 4 1) 

C, - vapor concentrauon in buildmghapor concentrauon at 
source (1 e soil) 

overall effecttve diffusion coefficient (cm2/sec) 

cross secuonal area through whtch contammants may pass (apprommated 
by area of floor and below grade walls (cm’, 

buldmg venttlahon rate (cm3/sec) 

distance from contarmnant source to bmldmg foundatlon (an) 

volummetnc flow rate of soil gas into the buldmg (cm3/sec) 

thtckness of foundauon (cm) 

effechve vapor pressure diffusion coefficient through a crack (cm’/sec) 

area of crackdopemgs through whch vapors can pass (cm’) 

If the source lies dlrectly beneath the foundauon as it would in the exposure scenano of contammated soil 

adjacent to the foundmon then a approaches the value Q 

The sod gas flow rate a,, is likely to be dependent of the basement crack ma, A, sod type and 

straugraphy bmldmg underpressunzahon and basement geometry For smphcity a,, is estimated by 
(Equauon5342) 

Q l l  - - 2x APlc&Jpln(2Z-/r-) 
where 

r-/Z,, cc 1 
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(Equauon 5 3 4 2 is an analytlcal solutlon for flow to a cylmder of length X,, and radm r,, located at a 

depth Z,, below the surface This is an idealized model for sod gas flow to cracks located at floor/wall 

seams ) 

where 
AP 
k, - - soil permeabdity to vapor flow (cm') 

L - - total floor/wall seam penmeter &stance (cm) 

I.I - - vapor viscosity (g/cm sec) 

L - - depth of crack below ground surface (cm) 

- - buildmg pressure difference relatlve to ambient pressure (g/cm sec') 

and 

~ ABKmek 
- - r, 

where 

rl - - A&AB so that 0 <= q <= 1 

For a contamrnant source adjacent to the bmldmg <r, = 0) a is proport~onal to the soil permeability to 

vapor flow k, at k, > 10' cm2 (permeable soils) The effect of crack size on contammant mtrusion rates 
will be relauvely lnsigolficant m the Iimt of convectlvedomtnated transport. 

Resolutlon of u n c e m t y  cannot be addressed fully witbm the scope of thts 8ssessment "he future 
exposure scenarios for onsite office structures are hypothetlcal Cahbmon of any lndoor atr models with 

actual onsite measurements is not feasible 

5 3 4 6 Results of Indoor Air Modeling 

Execution of the Johnson EUlnger model was performed for the bddmg soil and chemcd propert~es as 

outlmed m Secuon 5 3 4 5 A typical future onsite commercial bruldmg was considertd to be 6 OOO ft' 

(557 m2) with 0 5 au changes per hour and a bwldmg underpressure of 1 Pa (10 gkm a') Modehg was 

performed for the btuldmg sizes and au changes per hour mdicated m Table 5 36 A range of 
underpressure values was not modeled The relattonshlp of underpressure au to m d m  [UT concentfatrons 
111 the model is h e a r  a ten fold increase m buildmg would mcrease mdoor gas concentrauons by ten A 

single sod permeabihty of 10 darcy (10x10' cm') was modeled as typical Sod permeabtlity also 

lmearly affects mdoor au concentraUons of COCs m the model a ten fold inmaPt m soil penneabihty 
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would increase indoor gas concenrrahons by ten The maximum concentratlons of soil gases detected 

dmng the field mvesugauon were used as input to the model Results of the modelmg study are presented 

as typical values and as ranges of values for concentraUons of idenufied VOCs in the basement areas of 

the hypotheucal buildmgs (Table 5 39) 

A number of stu&es referenced m the EPA guidance document (EPA 1992a) have mlcated that the mean 

concentrauon of radon In basements is about twice the mean value for above ground hvmg spaces The 

conclusion of these studies can be extended to orgamc gases The levels of atr contarmnant concentmuons 

m the worlung spaces of future onsite buildmgs are esttmated to be approximately half those 111 the 

associated basements as presented in Table 5 39 

I 
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Table 5 1 

Initial Recharge Rates OU 5 Groundwater Flow Model 

Zone Vegotatlon Type lnitirl Rochargo Rat0 
W h y  i* 

Ripanan Woodland 
Short Upland Shrub 
Open Water 
Tall Marsh Bottom Land Shrub 
Wet Meadow Short Marsh 
Mesc Mixed Grassland Short Grassland 
Reclaimed Grassland 
Xem Mixed Grassland 

5 2E-03 
3 OE-03 
27E03 
2 3E-03 
17E-03 
16E03 
16E03 
19E-03 

22 76 
13 04 
11 65 
10 26 
748 
7 17 
7 17 
850 

9 Disturbed ArWBarren LanddAnnual GrasdForb 21E03 939 



Table 5 2 

Monthy Precipitation at Rocky Flats Plant 

Year Month Rain and Snowmelt 
Inches 

1993 
1993 
1993 
1993 
1993 
1 993 
1 993 
1 993 
1994 
1994 
1994 
1994 

May 
June 
Jub 
August 
September 
October 
November 
December 
January 
February 
March 
April 

113 
1 79 
048 
0 42 
1 58 
1 41 
1 27 
0 35 
0 45 
077 
1 05 
403 

Total 14 73 

From EG6G Monthly Environmental Monitonng Report, 
Rocky Flats Plant Reports May ER 41 801 10 21 9 through 
Apni 1994 ER4180110222 
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Table 5-4 

Calibratlon Results Primary Target Wells 
OU 5 Groundwater Flow Model 

Well X-Gnd Y-Gnd Column Row Observed Calculated (CAL-OBS) 

5686 2220 1308 36 23 59823 5982 -025 
6586 9501 469 132 7 5781 7 5782 0 23242 
7086 4003 859 72 15 59356 59353 -0 2666 

51193 8379 575 120 9 5812 5812 -0 02002 
58793 2605 838 44 15 59987 59989 0 26855 
59493 3536 526 63 9 59852 59853 0 10449 
59593 3786 773 68 13 59427 5943 0 26563 

Number of Actwe Observation Pomu = 7 
Mean of Residuals = 0 047782 
Standard Devmuon of Resduals (SDEV) = 0 232957 
Mean of Absolute Residuals (MA) = 201 102 
Root Mean Squared Resrduais (RMS) = 0 220905 
Conelatlon Coefficmt = 0 999997 



Tabk S S  
Calibration R-ub s;.Cond.ry Wdl. and WdrpOinta 

OU 5 Groundumtor Flow M& 

e 

Well X-Gnd Y Gnd Column Row Obmwed Calwlatod (CAL OBS) 
5886 5435 1266 91 23 5891 6 5891 5 -0 1001 
6886 5582 1196 92 22 5886 7 5887 2 0 45654 
5786 3572 791 63 14 5947 5948 4 1356 
6406 7610 678 113 12 5833 4 5834 3 0 84912 

59093 1327 9998 19 18 8010 6012 2 2 1162 
59393 3489 7948 62 14 59472 5OSl.2 3.9731 
59793 
63093 
59990 
60293 
60593 
60693 
60893 
62593 

4128 
1751 
4132 
3847 
2973 
28% 
3585 
1457 

- 

797 4 
9928 
799 9 
753 9 
673.7 
6649 
508 7 
730 4 

75 14 5932 1 5934 6 24806 
27 18 5998 7 -2 64565 

69 13 5942 4 59422 -027393 
51 1 1  8002 6OOO9 1126 
50 11 80081 80016 4.54 
64 8 5985 1 5983 20303 
21 13 60436 00409 2 7148 

75 14 5936 3 5934 3 own 

62693 1926 723 31 12 60379 60379 7 76E-02 
62793 4304 803 78 14 5935 6 5900 4 5- 
62893 
63593 
63693 
63793 
63893 
63993 
64093 
51293 

4700 
2603 
2608 
261 1 
3536 
31 15 
31 24 
314 8 

385 9 83 6 5994 5991 8 2 1597 
836.2 44 15 5997 3 5999 1 1 n25 
848 44 15 5998 9 5 9 w  5 16641 

835 4 44 15 5996 3 5- 9 0- 
521 9 63 8 5962 3 -6 3 3853 
528 4 54 9 6001 4 80047 3 3301 
532.1 54 9 60024 60041 17180 
1103 4 20 8041 80405 46 

51393 1057 1038 13 19 6020 6ooo1 0 12848 
51693 2102 1203 34 22 5986 5989 2 9878 
52193 2102 1105 
53993 7058 738 
54093 7052 7081 
54193 7046 681 
54693 9123 4128 
51493 1717 1087 
51593 2102 1290 
51793 2104 1184 

34 20 5998 59864 15- 
1 07 13 5848 5848 0 
1 07 12 5849 5848 6 435449 
1 07 12 5857 5851 3 58982 
1 28 6 5792 57932 1 2485 
26 19 60007 80005 -02m2 
34 23 5985 7 5Qbe.2 0 47461 
34 22 5989 6 5990 5 0 87109 

51893 2105 1165 34 21 5993 6 5992 16172 
51993 2103 114s 34 21 5994 3 5Qw 5 Q n1 
52093 2103 1125 34 20 5998 4 5986 14038 
52593 2671 1314 45 23 5970 9 5970 4 8999 
52693 3505 aw.2 62 14 59462 5w 28433 
52793 4003 9004 72 16 5935 1 5935 6 49E-02 
52893 4ooo 831 8 72 15 5938 4 5- 7 -0 74121 
52993 4oop 7874 72 14 5938 7 5937 02959 
53093 4005 7559 72 13 5937 7 59392 14707 
53293 4004 692.9 72 12 5956 2 -6 O m  
53393 4738 850.2 04 15 591 6 5917 5 15 
53493 5174 1154 88 21 5096 8 5899 5 0 7000 
53593 5950 1127 96 21 5875 3 5876 8 1- 
54393 7034 6409 1 07 11 5858 6 5855 -3.5598 
54493 7025 6077 1 07 10 5863 6 99999 dry toll 
54793 9876 5061 135 8 5773 m 0 

NuMrr of Actnrr Obaewlbon Pomb 49 a001 uow sq md ROUW (RMS) 2357743 
Mom ot Resduds (M) 0 1220504 ~rrrlam Caetflcirnt 0 999a23(1 

%an oi Absolute Reuduals (MA) 1 696468 
standprd ikwatron ot ~eardurlr (SDEV) ma982 "OM0 YJIIr cod- 0 

u 



Table 54 

Hydraulic Conductivities 
OU 5 Groundwater Ffow Model 

HydraulK: Hydraub 
Conductrvlty Effecttve Conducttvity Eflectnre 

Zone WdaY Poroslty Zone WdaY PoroSnY 
1 1 43E 02 0 01 14 514E-01 003 
2 3 57E 02 0 01 15 629E01 
3 5 29E 02 0 01 16 823E-01 
4 7 14E 02 0 01 17 857EOl 
5 7 40E 02 0 01 18 929E-01 
6 1 57E 01 0 01 19 1OOE+OO 
7 1 65E 01 0 01 20 286E+00 
8 2 27E-01 0 01 21 494€+00 
9 2 86E 01 0 01 22 714€+00 
10 357E01 002 23 1 OOE+Ol 
11 370E01 002 24 143€+01 
12 429E01 002 25 286€+01 
13 500E-01 003 

003 
004 
004 
004 
004 
0 12 
0 15 
0 18 
0 18 
0 18 
0 19 



Table 5 7 

Recharges Rates from Calibration 
of OU 5 Groundwater Model 

Zone Recharge Rate 
(Feet per Day) 

0 000742856 
0 000442857 
0 000385714 
0 000342857 
0 000242857 
0 000228571 
0 000242857 
0 000271 428 

OOOO3 

1 



Table 5 8 

Volumetric Budget 
OU 5 Groundwater Flow Model 

inflow Cubtc Feet/Day 
From Constant Head Cells = 15 556 

Total Inflow = 24 476 
Recharge = a 920 

Outflow Cubtc Feet/Day 
To Constant Head Cells = 22 670 
Negatnre Recharge (phreatophytes) = 1 8528 
Total Outflow = 24 522 

inflow Outflow Cubtc Feet/Day -46 502 
Percent Discrepancy -0 19 



Table 5 9 
Summary of Screening for Target Well Selection 

OU 5 Solute Transport MoeW 
Well Chenncal of @ck€vound Meall Plus Wdl f- 

Number corn Units Mmn 2St Dev M m r n  Mean wdn 
Alurnnurn 72.24 231 57 9 9 No 
Amsrrciurn241 002 01  NA N A N 0  

84 23 15476 
233 51 

22 91 128 92 
0 01 0 01 
026 048 
61  19 08 

023 065 
4 31 1365 

156 
05 
05 
NA 

055 
59  

039 
35 

156 Yes 
05 No 
05 No 
N A N o  

047 Ye8 
516 No 
033 No 
319 No 

Vandurn 13 03 4506 NA N A N 0  
Alurnnum 7224 231 57 100 41 4 No 
Amemurn24 t 
Ranurn 
Berylltum 
Mansanese 

51 193 Pluton1um239/240 
f?&lUIW226 
Uranlrn233234 
UranHlm235 
umum238 

002 
0423 
233 

22 91 
0 01 
026 
61  

023 
4 31 

01 
154 76 

51 
128 92 

0 01 
048 

1908 
065 

13 65 

0004 
257 
25 

3005 
OoooS 

NA 
048 
OW 
059 

0002 
23663 

15  
2900 

4002 
NA 

036 
OM 
034 

No 
YW 
No 
Yw 
No 
No 
No 
No 
No 

V~crdnun rn 1303 4506 25 13.5 No 
AlUl?WWl 7224 231 SI 100 7333 No 
Amermurn241 002 01 0 018 0008 No 

0423 154 76 
233 51 

22.91 128 92 
0 01 0 01 
026 048 
6 1  19 08 

023 065 
4 31 1365 

158 
2 5  
515 

OW 
055 
0 87 
004 
11 

155 
183 

480 67 
0 001 
055 
055 
0 01 
0 67 

Ye8 
No 
YOS 
No 
Yes 
No 
No 
No 

Vanadium rn 13 03 4506 25 175 No 
Alumnum 72.24 231 57 100 43 No 
Afrmmum241 002 0 1  0005 0001 No 

0423 15476 
233 51  

22.91 128 92 
0 01 0 01 
026 048 
6 1  1908 

0.23 065 
4 31 13 65 

647 
25 

lo500 
0002 
103 
2 1  

0 16 
1 9  

48667 Y a  
117 No 
6130 Yea 

oooz No 
103 Ye8 
199 No 
0041 No 
172 No 

Valledwr WYl 13 03 4506 25 1103 No 
AlUlIMnUm w 72'24 231 57 37 7 No 
Arnomum241 002 0 1  0008 0006 No 

a423 154 76 138 121 No 
m 

2.33 51 0 5  05 No 
Banwn u91 

22.91 12892 761 57567 Ye8 
Betyllturn wl 

0 01 0 01 0 001 0001 No 
m- wl 

026 048 056 os6 Yes 
59593 Plutonium239R40 PCJl 

61 1908 35 251 No 
Radim226 PCJl 

023 0 65 0 37 0 2  No 
Uranlum233M4 PcJl 

4 31 13 65 36  223 No 
UmIUm235 PcJl 

13 03 45 06 25 217 No 
UranlUm238 PcJl 
Vandurn 



Table 5 10 
Target Concentrations OU 5 Solute Transport Model 

Mean Target 

Const duent Number (EM) (WM) (MA WM) 
Banum 50082 84 23 156 71 ?? 

84 23 236 63 152 40 in uq/l 51 193 
58793 84 23 155 70 77 
59493 84 23 486 67 40244 
59593 84 23 121 3677 

Manganese 51 193 22 91 2900 287709 
in ug(l 58793 22 91 490 67 467 76 

59493 22 91 6 130 6 107 09 
59593 22 91 575 67 552 76 

Well Concentration Concentration Concentratlon 

R adrum 226 50092 0 26 0 47 0 21 
in pCin 58793 0 26 0 55 0 29 

59493 0 26 103 077 
59593 0 26 056 0 30 

J 

.1 



Table 5 11 
Cahbraaon Results OU 5 Solute Transport Models 

Chemical Well Target Computed Dlstnbubon Source 
of Concern Number Concentration Concentration Coeffmont Concentratioi 

ugA and pCVl ug/l and pCln mVg ugA and pCI/ 
Barium 58793 70 77 72 39 0 624 2912 5 

59493 402 44 402 43 0 624 47859 
59593 NA 171 6 0 624 47859 
51193 152 4 152 4 0 624 152 49 
50092 71 77 71 77 0 624 93 868 

Manganese 58793 467 76 510 1 3 059 291 030 
59493 61 07 09 61138 3 059 9731 80 
59593 552 76 558 1 3 059 9731 80 
51193 2877 09 2877 09 3 059 3663 
50092 NA NA NA NA 

Radium 226 58793 0 29 29 79 0 687 12 679 
59493 0 77 76 54 0 687 106 72 
59593 0 3  35 25 0 687 106 72 
51 193 NA NA NA NA 
50092 0 21 0 21 0 687 0 29345 

e 



Tabte 5-12 
Thrity Year Furtum Concentrations at Woman Creek 

OU 5 Groundwater Modeiing 

Constltuent 

Radium 226 

Banum 

Location of Greatest 30 Year 
Concentratron Concentration 

Column Row pCdL or ugA 

Greatest Thirty Year 

120 11 0 27 

70 15 93 

Manganese I 1 20 1 9 I 345 1 1 

Const fluent 

Radium 226 

Table 5-13 
Worst-case Furtum Concentrations at Woman Creek 

OU 5 Groundwater Modeiing 

kahOn of Worst Case 
Concentrauon steady state worst-case 

Concentrauon Uncertamty Concentmuon 
Column Row pCdL or ug/L Ratlo pWL or ug/L 

49 20 0 26 10 2 6  

Banum 

Manaanese 

70 15 93 1 71 159 

49 M 591 1 1 1  6517 



Tabk 514 
Goommtric Propwtlos of HSPFlO SubBasins and Stmm Roach.. 

Sub Basin 

Basin 1 

Basin 2 

Basin 3 

Basin 4 

Callbratlon Simulation 
Basm Area Basin Area Reach Length 

(Acres) (Acres) (Feet) Comments 

Diversion Canal (SBDC) 

boundary of RFETS (GSOS) 

Hllth Antekpe Sp ring Creek 

364 2 364 2 None Located west of South BouMer 

301 0 301 0 5 801 Extends eastward to the west 

494 4 557 8 5 961 Extends eaaWard to the confluence 

51 3 97 2 1 806 Extends eastward to GS17 (inflow 

Basin 5 

Basin 6 

Totals I 18644 I 20464 I 24993 I 

50 1 82 3 1 033 Extends through Pond C 1 to GS07 

603 4 643 9 10 392 Extends eaawerd to lndtena street 

(outflow of Pond C 1) 

(GIs021 



z = 2 2  
0 0 0 0  

o m a c o -  
q o T m r 4  
0 - - 0 3  

n - m - -  
m Q I e 3 e  
0 0 0 - 0  

R 8 5 8 Z 8  
3 - 0 0 0  

S 8 Z 3  
0 0 - 0  

3 C S S Z  
- 4 n 0 0 0  

M”,8= 
0 0 0 - -  

Y ro 

o ( Y 0 -  

Y a 
4 8 8 G R  

0 0 0 0  
sZ!=s 
0 0 - 0  

% ; ; 8 3  
0 0 0 0  

n m ( Y o D  0 1 0 - 0  
0 - - 0  

S C E B ;  2 2 2 2  



Group Chemlcal of 
Concern 

Surface Ground Surface Pond Stream 
Soil Water Water Sediment Sedment 

I Radonuclrdes 

1 

2 

Source DOE 1995a 

Banum X X 

Lrthium X 

Strontium X 

Copper X X 

Mercury X X X 

Zinc X X 

r 

rd 



E 

mLL 

i- 
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k P F 
c) 
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0 
2 

f 
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Table 5 18 

Woman Creek Observed Total Suspended Sexbent (TSS) Concentratsons 

Date Sample 
Locauon 

1019192 GSO5 

10126192 GS05 
GS07 

1 1/4/92 SW107 
sw506 
sw040 
SW033 
SW034 
SW501 
SW029 
S W026 

3/24/93 SW107 
SW127 
sw040 
swo41 
sw506 
SW033 
SW034 
SW501 
swo29 
SW026 

41 13/93 GS07 
GSOl 
GS02 

4/24/93 GSOS 
GS16 
GS17 

5/7/93 GSOS 

5/15/93 GS05 

Reach 3 ===F== 

2 
2 

2 
2 
2 
2 
2 

28 1 

4 

4 

2 

2 

33 

4 

Reach 5 - 
10 

17 

15 

Reach 6 7 
2 

2 

2 
44 



Table 5 18 (Conbnued) 

a 
Locabon 

51 1 719 3 GS05 
GS06 
GS18 
GS 16 
GS18 

6/12/93 GS16 

6/17/93 GS 16 
GS18 
GS17 
GS02 

6/18/93 GS06 
GS17 
GS 14 

9/2/93 GS05 

9/7/93 GSOS 
GS05 
GS16 
GS 17 

9/9/93 GS06 
GS16 

9/13/93 GS16 

91 18/93 GSOS 

8 
85 

13 
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TABLE 5-20 
Woman Creek Water-Budget hlibrrtion Results ’) 

Mass Volume (cubic feet) 

Location 
~ ~~ 

Observed Simulated Percent 
Difference 

GS05 (Basin 2) 1123800 840900 -0 25 

GS17 (Basin 4) 1892500 2068200 009 

GS07 (Basin 5) 2 013 OOO 2005400 -000 

GS02 (Basin 6) 1809500 2199000 022 

Mean Results 170870000 1 770 375 00 004 

7 )  Calibration penod Apnl 1993 through September 1983 

4 
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Table 5 23A 
Statastml Summary of Group 1,30 Year Simulataon 

Water Column Quallty 

Barium (m@) 
mean median 

Reach 3 
Lithium (@) Strontium (6) 

mean median mean median 

Mean 
Standard Error 
M e d m  
Mode 
Standard Deviauon 
Sample V-ce 
Kurtosls 
Skewness 

Minmum 
Maxlmllm 

SUm 
Count 
Confidence Level (95 % 

Range 

00001 0 
0000004 0 

0 o001 0 
nla 0 

0 OOOO 0 
0000000 0 

0 687 n/a 
-0 565 n/a 

OOOOI 0 
oOoO1 0 
00002 0 
0 003 0 

29 29 
0000008 n/a, 

1. oo(w1oog- 
o m  0 0000007 0 
0000009 0 oOoO1 0 

nla 0 n/a 0 
0000002 0 o m  0 
o m  0 0000000 0 

0 686 n/a 0 591 n/a 
-0 564 d a  0 366 n/a 

0000005 0 OooCn 0 
0000005 0 000006 0 
Oooool 0 OOOO2 0 
0 0002 0 0004 0 

29 29 29 29 
0000001 n/4 O o o o o l  n/a, 

Barium (-1 LithIum (InglL) 
mean median mean medlan 

Reach 4 
Strontium (an&) 
mean medm , 

o m 1  0 
OooOo3 0 

n/a 0 
0000006 0 
0000000 0 

0244 n/a 
-0 065 n/a 

000002 0 
000002 0 
000004 0 

0 001 0 
29 29 

OOOOOCn n/ 

Mtarm 
Standard Error 
M e d m  
Mode 
Standard Deviauon 
Sample Vanance 
Kurtosls 
Skewness 
Rm3e 
M i m u m  
Maxlmllm 

SUm 
Count 
Confidence Level (95% 

0000000 0 0000003 0 
0000002 0 OooOOS 0 

n/a 0 nla 0 
0000000 0 o m 1  0 
0000000 0 0000000 0 

0 236 d a  1 38 da 
0 059 n/a 0848 d a  

0000002 0 000007 0 
o m 1  0 000002 0 
0000003 0 000009 0 
000006 0 0 001 0 

29 29 29 29 
0000000 da, 0000005 "\ 

d 



Table 5 23A (Continued) 

mean median mean median I mean median . 
I 

M m  
Standard Error 
Medran 
Mode 
Standard Devlatlon 
Sample Vanance 
Kurtosls 
Skewness 
Range 
M i m u m  
MaxlmUm 
SUm 
Count 

0009 
nla 

0 003 
OOOOOl 

3 35 
165 

0 016 
0 005 
0 021 

29 
o 278 

0x34 
0009 
0 226 

nla 
0 050 
0002 
2 01 
1 26 

0 220 
0 162 
0 383 
6 79 

29 

149 
0 170 
0 063 
0 233 

3 43 
29 

omr 
0 002 
0 029 

nla 
0 010 

oOoO1 
1 29 
1 26 

0 042 
0 018 
0 059 
0 892 

29 

0 005 
- 

0 001 
0 079 

nla 
0024 
0 001 
0 123 
0 561 
0 104 
0044 
0 148 
2 39 

29 

0002 
0 018 

3 05 

0 057 
0 003 
0060 
0 577 

Reach 6 

StandardErrw 
M e d m  
Mode 
Standard Devmuon 
Sample Variance 
Kurtosts 
Skewness 

Mlnlmum 
MaxlmlKU 

S t ront lpm(~ )  
mean mcdlM# 

a m  
0 056 00002 
0 056 0 001 

rda nla 
0 302 0 001 
0 091 000000 
256 384 
494 1 56 
166 0 005 

0 013 OOOO2 
167 0 005 
4 14 0048 

29 29 
0 110 00004 

e* 



Reach 3 
Barium(mg/KG) 

mean medtan 

ll& 176 
0 125 0 113 

17 4 17 7 
nla n/a 

0 674 0 610 
0 455 0 372 

1 0  0 719 

2 4  2 2  
16 2 16 6 
18 5 18 8 
50 1 511 
29 29 

0 245 0 222 

0 065 0 234 

Table 5 23B 
Stahst~cal Summary of Group 1, *Year Sisnuiation 

Sedrment Associated Quality 

Lithlllrn (@KC) 
man median 

i' 1.22- 1 2  
0009 0 008 

1 2  13 
nla n/a 

0048 0 043 
0 002 0 001 

1 0  0 71C 

0 167 0 157 
1 1  12 
1 3  13 

35 4 36 1 
29 29 

0 017 0 016 

0 065 o 238 

Meap 
Standard Error 
Medm 
Mode 
Standard Deviauon 
Sample Vanance 
Kurtosls 
Skewness 
Range 
Minrmum 
MaXlmUm 

SUm 
count 
Confidence Level (95% 

Barium (mg/KG) Lithium (mg/KG) 
mean median mean m d m  

Reach 4 
Stroatlom (ms/KG) 
mean median I a 

0 118 0 loo 
14 2 14 4 
nla nla 

0 637 0 537 
0 405 0 289 

-0 144 -0 672 
-0 081 -0 148 

264 195 
12 6 13 4 
15 3 15 3 
410 419 
29 29 

0 232 0 1% 

M4as- 
standard Error 
Medm 
Mode 
Standard Deviauon 
Sample Vanance 
Kurtosis 
Skewness 
Range 
Minunum 
MaxlmW 
SUm 
Count 
Confidence Level (95% 

0 008 0 007 0 042 0 045 
100 102 147 I40  
n/a d a  da da 

0 045 0 038 0224 0 242 
0 002 0 001 0 050 0 058 
0 156 -0 678 -0 039 0049 
0 081 -0 138 0602 -0 072 
0 187 0 137 0865 102 
0 894 0948 114 0 884 

1 08 109 2 01 190 
29 0 29 6 43 6 407 

' 9  29 29 29 
0 016 0 01% 0 081 0 088 



Table 5 23B (Continued) 

Reach 5 

Standard Error 
Medm 
Mode 
Standard Deviauon 
Sample Vanance 
KurtOSls 

Skewness 

Reach 6 
(nrg/KG) Lithium ( m G )  

man median man mc&M 

Merrr .” 
Standard Error 
Medm 
Mode 
Standard Deviauon 
Sample Vanance 
Kurtosls 
Skewness 
Range 
Minmum 
MaxlIllUl 
SUm 
Count 
Confidence Level (954b)l 



Table 524A 
Stat~st~cal Summarv of Group 2 30 Year Sirnulabon 

Water Column Quahty 

copper (W) Mercury (u&) 
mean mdm man mdian 

Reach 3 

Standard Enor 
Medm 

Standard Devlauon 
Sample Vanance 
KurtoslS 
Skewness 

Minlmum 
MaxlmUlll 

zinc ( u l m  
man median 

Reach 4 

0 027 0 
n/a 0 

0 007 0 
OoooOS 0 

-0 481 nla 
0 626 nla 
0 024 0 
0 017 0 
0 041 0 
0 801 0 

29 29 
0 003 n/q 

a 
0000000 0 

n/a 0 
0000000 0 
0000000 0 

0 106 n/a 
0 077 n/a 

0000000 0 
0000000 0 
0000000 0 
0000000 

29 29 
0000000 Ida, 

Mean 
Standard Error 
Medan 
M e  
standard Devlauon 
Sample Vanance 
Kurtosls 
Skewness 

Minunum 
Maximum 
Sum 
Count 
Confidence Level (95% 

Range 

Oooool 
nla 

0000002 
0000000 

0024 
-0 014 

0000009 
OOOOOOd 
000002 

0 000303 
29 

OOOOOOI 

0 

0 

29 3 n/ 

, 



I 

C O P F  (*) 
mean median 

Mercury (ug/L) Zlnc (ug/L) 
marl median mean median 

MeaQ 
Standard Error 
Medm 
Mode 
Standard Deviauon 
Sample Vanance 
Kurtosis 
Skewness 
Range 
Minmum 
MaxlmW 
SUm 
Count 

0 651 
9 18 
n/a 

3 51 
12 3 

0 428 
0 275 

15 5 
260 
18 1 
266 
29 

I 23ik- 
175 
25 3 
n/a 

940 
88 3 

0 387 
0404 
402 
8 83 
49 0 
728 
29 

y t?--*- 
000000 
OooOo5 

n/a 
o m 2  o m  
000000 0 

2 67 
153 

000009 000004 
OooOo3 OoooO1 
000012 OooOo5 

0002 
29 

000004 

0 031 
0 007 
0 038 
0 451 

Confidence Level (959' )I 3 42 1281 o m 1  0006 0 0021 

Reach 6 

c 
I haare %% &* 

Standard Enor 
M a  
Mode 
Standard Devlauon 
Sample Vanance 
Kurtosis 
Skewness 

MlIUmW 
Ma?UIlW 
SUm 
count 
Confidence Level (95%) 

Range 
000002 0 

I 



Table 5248 
Statrsbcal Summary of Group 2, %Year Sirnulabon 

Sedrment Asmated Quahty 

Coppper (mg/KG) Mercury (mg/KG) 
man mdlan man median 

Reach 3 
copppcr Mercury (mg/KG) Zinc (mg/KG) 
mean median mean median man m e h  

I 

Zinc (miWG) 
man metiIan 

Mean 
Standard Error 
M e d m  
Mode 
Standard Deviauon 
Sample Vanance 
KurtOSlS 
Skewness 
Range 
Minunum 
MZWIWIl 
SUm 
Count 
Confidence Level (95 Q 

Reach 4 

--P 

IKearE N W  - 
Standard Error 
M e d m  
Mode 
Standard Deviauon 
Sample Vanance 
Kurtosls 
Skewness 

Minunum 
MaxllIlU 
SUm 
Count 
Confidence Level (95% 

69 546 829 ao 592 

2 929281 2652 

3 075 998 1 614 545 

2363 
0 051 0 059 
3 41 3 63 
n/a n/a 

0 275 0 319 
0 075 0 102 

-0 410 113 
0 249 -0 552 

104 153 
2 a5 2 75 
3 a9 4 27 
98 4 106 

29 29 
0 loo 0 116 

e 



Table 5 24B (Contmued) 

1 688 1 822 
29 039 28 760 

29 29 
129 134 

Reach 5 

0 005 0 005 366 3 77 
0 101 0 113 82 3 924 

29 29 29 29 
00002 OOOO2 0 110 0 115 

Maat 
Standard Error 
Me&an 
Mode 
Standard Deviauon 
Sample Vanance 
KlUtOSls 

Skewness 
Range 
Mlnlmum 
MaxlmtUll 
SUm 
Count 
Confidence Level (95% 

Reach 6 

Standard Error 
Medm 
Mode 
Standard Demuon 
Sample Vanance 2322356 2391 
Kurtosls 
Skewness 

MIlUmm 
Maxlmum 

Count 
326025 241801 

a. 



Table 5 25A 
Stabstid Summarv of Group 3,30 Year Simulation 

Water Column Qualrty 

Am241 (pCuL) 
mean median 

put39a40 (pea) 
mean mdian 

Mean 
Standard Error 
Medm 
Mode 
Standard Deviauon 
Sample Vanance 
Kurtosis 
Skewness 
Range 
M i m u m  
MiUUllUUh 

SUm 
Count 
Confidence Level (95%) 

OM02 0 
OoooO 0 
00002 0 

d a  0 
OooOo5 0 
000000 0 

0 308 d a  
0 684 da 

0 0002 0 
oOoO1 0 
0 0003 0 
0006 0 

29 29 
o m 2  n/ 

0-@ c 
o m  0 
000004 0 

d a  0 
o m 1  0 
o m  0 

-0 658 d a  
0 573 Illa 

000002 0 
000002 0 
OooOo5 0 

0 001 0 
29 29 

000000 Ill\ 

Reach 4 

000000 0 
000004 0 

n/a 0 
oooOo1 0 
000000 0 

0 353 n/a 
0 633 n/a 

000004 0 
OooOo3 0 
OooOo7 0 
0 001 0 

29 29 
0000004 n/a, 

StandardEnw 
Medm 
Mode 
Standard Dewaaon 
Sample Vanance 
KurtoslS 
SkeWneSS 

Range 
hhumum 
Maxlmum 
SUm 
Count 
Confidence Level (95% 

0000000 0 
0000009 0 

n/a 0 
0000002 0 
0000000 0 

-0 217 n/a 
-0 156 n/a 

0000008 0 
O m 5  0 

O o o o o l  0 
00003 0 

29 29 
o m 1  Ill\ 



Table 5 25A (Cont~nued) 

Am241 (pCuL) 
mean median 

I 

Reach 5 
puf39/240 (pCUL) 

mean m e h  

Meak 
Standard Error 
Me&m 
Mode 
Standard Demtron 
Sample Vanance 
Kurtosls 
Skewness 
Range 
M~~umum 
MaXlUlWll 
SUm 
Count 

I -- oi34 
0 002 
0 134 

n/a 
0 010 
OOOO 
0 190 
0 087 
0 042 
0 113 
0 155 
3 88 
29 

Confidence Level 0004 0 0011 0 001 

Reach 6 
Ad41 (pCUL) Rlz39aJo (pCVL) 

mean median mean methan 

0 119 
0 360 

da 
0640 
0409 

18 7 
4 05 
3 47 

0068 
354 
15 0 
29 

0004 
n/a 

OOOO 
OoooO 
0 145 
0 110 
0 001 
0 003 
0004 
0 104 
29 

0 015 
nla 

0022 
OOOO5 

10 2 
2 97 

0 106 
0002 
0 lo8 
0 568 
29 

Confidence Level (95811 0 233 oml 0008 



Table 5 25B 
Statist~cal Summary of Group 3 30 Year Simulation 

Sediment Associated Quality 

0 012 0 010 
ala n/a 

0 002 0 002 
OOOO OOOO 
7 15 5 92 
202 197 

0 012 0 008 
0009 0009 
0 021 0 017 
0 361 0 304 

29 29 
0 001 0 001 

Reach 3 
Am241 (pCVg) I Ppm240 tpcug) 

meM median I mean medm 
I 

0 003 O W  
d a  ala 

OOOO 0000 
OOOO OOOO 
0 278 0 015 
-0665 -0 392 
0 001 0 001 
0 003 0 003 
0004 0004 
0 loo 0 108 

29 29 
OOOO Oo00 

Mean 
Standard Error 
Medm 
Mode 
Standard Devlauon 
Sample Variance 
KurtoslS 
Skewness 
Range 
M i m u m  
MaxllllUm 

SUm 

Count 
Confidence Level (95 %I 

Reach 4 

Standard Error 
M W  
Mode 
Standard Dcmaon 
Sample Vanance 
KurtoslS 
Skewness 
Range 
Mmmum 
Maxrmum 
SUm 
count 
confidence Level (95% 

e 



Table 5 25B (Conbnued) 

Am241 (pCUg) 
mean median 

Reach 5 
Pu~a40 (pCVg) 

mean median 

Mesa 
StandardError 
Medm 
Mode 
Standad Devrauon 
Sample Vanance 
KurtoslS 
Skewness 
Range 
MllunllfIl 
MaXlmUm 

SUm 
Count 

OOOO OOOO 
0002 0002 
da d a  

OOOO OOOO 
OOOO OOOO 
0 447 0 534 
0 175 0 076 
0 001 0 001 
0 001 0002 
0002 0002 
0 051 0 055 

29 29 
OOOO OOOO 

- om 
0 003 
0 151 

n/a 
0 015 

0 0002 
0 107 
0 549 
O W  
0 111 
0 174 
4 35 

29 

0 754 
0 169 
0 051 
0 105 
0 156 
3 82 

‘9 
Confidence Level (95%)) 0006 oo001 

Reach 6 

standard Error 
Medm 
Mode 
Standard Dewaaon 
Sample Vanance 
KurtoslS 
Skewness 
Range 
Mrnmum 
MaxrmUm 
SUm 
Count 
Confidarce Level (95% 

0 003 0004 
0 140 0 097 

da nla 
0 018 0 020 
OOOO Oo00 
0 413 21 526 
0 332 4 354 
0 071 0 111 
0 095 0 084 
0 166 0 195 
3 91 2 89 

29 29 
0 007 0 007 



Table 526A 
Statistical Summary of Group 4, %Year Sirnulabon 

Water Column Quallty 

OOOO4 0 
n/a 0 

ooO01 0 
000000 0 
0 110 n/a 
0 036 n/a 

00003 0 
00002 0 
0 0005 0 
0 010 0 

29 29 
OooOo3 d5 

Reach 3 

Medtan 
Mode 
Standard Deviauon 
Sample Vanance 
KllItOSlS 

Skewness 

MaxlmUUl 

Count 
Confidence Level (95%) 

0 019 0 
nla 0 

0004 0 
oooo02 0 
0 110 da 
-0 036 da 
0 016 0 
0 012 0 
002% 0 
0 543 0 
29 29 

0 001 “‘4 

Reach 4 

Mean 
Standard Error 
Median 
Mode 
Standard Deviauon 
Sample Vanance 
KiKtOSlS 

Skewness 
Range 
Minmum 
MaXlmUm 
SUm 
Count 
Confidence Level (95% 

0002 
nla 

OOOO4 
000000 

-0 lo9 
-0 035 
0002 
0 001 
0 003 
0 052 
29 

oOoO1 

0 
0 

29 i n/ 



Table 526A (Contlmed) 

Reach 5 

Standard Error 
Medm 
Mode 
Standard Devmuon 
Sample Vanance 
KUrtOSlS 
Skewness 

Mlnlalum 

Reach 6 

m a l L T * 7  
S t a n d a r d h  
Medran 
Mode 
Standard Deviauon 
Sample Vanance 
KuttoslS 
Skewness 
Range 
Mmmm 
MaxlmUm 
SUm 
Count 
Confidence Level (9596: 

10 2 0 103 0 707 Oood 
da da da da 
16 7 0011 106 0001 
278 om1 112 Oooo(1 
16 8 157 9 50 3 86 
3 76 0 723 2 91 168 
89 3 0 052 5 10 0 011 
2 10 o 083 0 094 0001 
91 4 0 135 5 20 0 014 
42cl 302 27 2 0 17tl 
29 29 29 29 

606 0004 0 386 0 001 

37 9 0 293 
da n/a 

56 8 0 155 
32% 0024 
11 1 5 33 
3 10 2 14 
281 0 734 
5 30 0 139 
287 0 873 

1430 9 33 
29 29 

20 7 0 056 



Tabic 5 26B 
Stabstrcal Summary of Group 4 30 Year Simulatron 

Sechment Associated Quallty 

U235 (pCUG) 
man median 

Reach 3 
U233/234 (pCUG) 

mean median 
u238 (pCUG) 

Mean 
Standard Eror 
Median 
Mode 
Standard Deviauon 
Sample Vanance 
Kurtosls 
Skewness 
Range 
Minlmum 
MaxlmUIIl 
SUm 
Count 
Confidence Level (954 

02% 0 4  If& 16.1 
0 002 0002 0 114 0 104 
0 296 0 302 15 9 16 2 

d a  d a  d a  n/a 
0 011 0 010 0 615 0 560 
OOOO 00oO 0 379 0 314 

104 0 73 104 0 726 
0 063 -0 236 0 063 0 236 
0040 0 038 2 15 2 03 
0 275 0 282 14 8 15 1 
0 315 0 320 16 9 17 2 
8 53 8 70 458 467 

29 29 29 29 
0004 0004 0 224 0 204 

Reach 4 

Meall 
StandardError 
Medm 
Mode 
Standard Deviauon 
Sample Vanance 
Kurtosls 
Skewness 
-&le 
Mirumum 
M~~~ 
SUm 
Count 
Confidence Level (95 

150 1-53 
0011 0 01c 

151 154 
n/a n/a 

0 058 0 053 
0 003 0 003 
104 0 726 

0 063 0 236 
0 204 0 193 
140 144 
161 1 63 
43 4 443 

29 29 
0 021 0 019 



Table 5 26B (Continued) 

Reach 5 

~ 

- 
Mean 
Standard Error 
Median 
Mode 
Standard Deviauon 
Sample Variance! 
Kurtosls 
Skewness 
Range 
Minunu 
MiUlmUm 
SUm 
Count 
Confidence Level (957 

Reach 6 
I u233/234 (pCUC) U235 (pCUC) u238 (pCUC) 
I mea medm mean m e h  

Mtaar " t  

standard Error 
Medm 
Mode 
Standard Devlauon 
Sample Vanance 
KlUtOSlS 

Skewness 
R a w  
MlntmUm 
MaXtmUm 
SUm 
count 
Confidence Level (95% 

e 

a 
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Table 5 28 

Fugitive Dust Model OU 5 Source Input Parameters 
Particle Size Dtsttrbutions and Densities 

Grain size Particle size 
distribution distribution Particle 

Particle size class (Percent finer (Fraction within density 
by weight) 100 um range) (g/cm3) 

s10 vm 19 0 500 

s30 pm 20 0 237 
1385 

4 0 0  pm 38 0 263 

Source DOE 1994a 



Table b 2S 

Fugitive Dust Model OU 5 Source Multipliers and 
Orders of Magnitude of Output Results 

~~ ~ ~~ ~ ~ 

Order of magnitude of 
output results 

Radionuclide Source multiplier (pCl/m3 for concentration 
Constituent pCl/m2 s for deposition) 

Uranium 233/234 E41 E 07 

Uranium 235 E41 E 07 

Uranium 238 E 01 E 05 

Order of magnitude of 
output results 

Organic Constituent Source multiplier ( ug/m3 for concentration 
ug/m2 s for deposition) 

Aroclor 1254 EM3 E 09 

Benzo( a)an th racene E 4 3  EO9 

Benzo (a) p y rene E M 3  E 09 

Benzo( b)f luoranthene E 4 3  E 09 

Di benzo( a h) ant h racene E 4 3  E 09 

Fluorant hene E43 E 09 

Indeno(1 2 3 c d)pyrene E 4 3  E 09 

Pyrene E43 E 09 

Order of magnitude of 
output results 

Metal Constituent Source multiplier ( mg/m3 for concentration 
mg/m2 s for deposition) 

Copper E 4 3  E 09 

Mercury EM5 E 1 1  

Silver E 4 5  E 1 1  
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cu 
CD 
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Table 5-31A 

Fugitive Dust Model Near Group Receptors for 
Area Sources of Radionuclides 

Receptor x-coordinate y-coordinate 
number Descnptnn (meters) (meters) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

East of Sources 1 & 2 

East of Sources 1 & 2 

East of Sources 1 & 2 

East of Sources 1 & 2 

East of Sources 1 & 2 

East of Sources 1 a 2 

~ a s t  of sources 1 a 2 

East of Source 3 

East of Source 4 

East of Source 4 

East of Source 4 

East of Source 4 

East of Source 4 

East of Source 4 

East of Source 4 

East of Source 5 

East of Source 5 

East of Source 5 

East of Source 5 

Eatst of Source 5 

East of Source 5 

East of Source 5 

OUS Sampler 102 

OU5 Sampler 100 

25 040 30 

25 040 30 

25 040 30 

25 040 30 

25 040 30 

25 040 30 

25 040 30 

24 767 90 

24 461 94 

24461 94 

24461 94 

24 461 94 

24461 94 

24461 94 

24461 94 

24 601 01 

24 601 01 

24 601 01 

24 601 01 

24 601 01 

24601 01 

24 601 01 

23 781 61 

25 131 49 

14 666 03 

14 635 55 

14 605 07 

14 574 59 

1454411 

14 513 63 

14483 15 

14 592 64 

14 576 85 

14 546 37 

14 515 89 

14 485 41 

14 454 93 

14 424 45 

14 393 97 

14 576 85 

14 546 37 

14 515 89 

14 485 41 

14 454 93 

14 424 45 

14 393 97 

14580 18 

14 537 28 

25 OU5 Sampler 101 24 642 66 14 489 62 

e 



TaMe 5-316 

Fugitive Dust Model Near Group Receptors For 
Area Sources of Organic and Metal Constituents 

Receptor x coordinate y coordinate 
number Descnptton (meters) (meters) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

East of Sources 1 2 3&4 

East of Sources 1 2 3&4 

East of Sources 1 2 3&4 

East of Sources 1 2 3&4 

East of Sources 1 2 3&4 

East of Sources 1 2 384 

East of Sources 1 2 3&4 

East of Sources 1 2 384 

East of Sources 1 2 3&4 

East of Source 5 

25 026 81 

25 026 81 

25 026 81 

25 026 81 

25 026 81 

25 026 81 

25 026 81 

25 026 81 

25 026 81 

24 603 15 

0 EastofSource5 24 603 15 

24 603 15 

24 603 15 

24 603 15 

East of Source 5 

East of Source 5 

East of Source 5 

14 690 37 

14 659 89 

14 629 41 

14 596 93 

14 568 45 

14 537 97 

14 507 49 

14 477 01 

14 446 53 

14 572 82 

14 542 34 

14 511 86 

14481 38 

14 450 90 

15 East of Source 5 24,603 15 14,420 42 

1 



Table 5-31C 

Fugitive Dust Madel OU 5 "Grid Oroup Receptors 

Receptor x coordinate y-coordinate 
number Descnptlon (meters) (meters) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Gnd receptor 

Gnd receptor 

Gnd receptor 

Gnd receptor 

Grrd receptor 

Grid receptor 

Grid receptor 

Grld receptor 

Grid receptor 

Gnd receptor 

Gnd receptor 

Gnd receptor 

Gnd receptor 

Gnd receptor 

Grid receptor 

Gnd receptor 

arid receptor 

Grid receptor 

Grid receptor 

Grid receptor 

Grid receptor 

Grid receptor ( m u m  
AOC3 receptor) 

Qrid receptor 

Grid receptor 

Grkl receptor 

Gnd receptor 

Gnd receptor 

24 079 

24 079 

24 079 

24 384 

24 384 

24 384 

24 384 

24 689 

24 689 

24 689 

24 689 

24 994 

24 994 

24 994 

24 994 

25 298 

25 298 

25 298 

25 298 

25 603 

25 603 

25 603 

25 908 

25 908 

25 908 

26 213 

26 213 

13 716 

14 021 

14 326 

13 716 

14 021 

14 326 

14 630 

13 716 

14 021 

14 326 

14 630 

13 716 

14 021 

14 326 

14 630 

13 716 

14 021 

14 326 

14 630 

13 716 

14 021 

14 326 

13 716 

14 201 

14 326 

13 716 

14 201 

28 Gnd receptor 26 213 14 326 

c- 



a Table 5 31C (Continued) 

29 Gnd receptor 26 213 14 630 

30 Gnd receptor 26 518 14 021 

31 (3rd receptor 26 518 14 326 

32 Grid receptor 26 518 14 630 

33 Grid receptor 26 822 14 021 

34 Gnd receptor 26 822 14 326 

35 Gr~d receptor 26 822 14 630 

36 Gnd receptor 27 127 14 326 

37 Gr~d receptor 27 127 14 630 

40 RAAMP sampler 13 25 039 05 14 700 44 

41 RAAMP sampler 14 24 608 47 14 774 94 

42 RAAMP sampler 23 25 61 1 67 14536 11 

43 RAAMP sampler 32 22 250 15 621 

44 RAAMP sampler 38 28 624 85 13,949 07 



Table 5 32 

Companson of OU 5 Ambient Alr Data with 
Fugitive Dust Model Results 

o u 5  Ambient data +/ FDM value 

r 
Sample err0 r ( p c  ~ / m ~ )  (pCdm3) 

~ 

Americium 241 

s102 1 80E OS+/ 0 48E 05 0 

s101 1 68E OS+/ 0 56E 05 169E 07 

SlOO 1 14E OS+/ 0 37E 05 9 43E 09 

Plutonium 239/240 

s102 9 53E 07+/ 7 04E 07 0 

s101 1 27E 06+/ 1 23E 06 5 34E 07 

s100 0 4  7 19E 07 3 60E 08 

Uranium 233/234 

s102 5 50E 05+/ 2 77E 05 0 

s101 8 06E 0 5 4  2 75E 05 6 48E 05 

SlOO 9 06E 05+/ 3 02E 05 1 31E 05 

Uranium 235 

s102 2 98E 06+/ 6 01E 06 0 

SlOl 5 06E 06+/ 6 67E 06 5 32E 06 

s100 5 83E 064 6 74E 06 2 83E 06 

Uranium 238 

s102 5 95E 054  2 86E 05 0 

s101 7 51E 05+/ 2 59E OS 3 06E 04 

s100 7 06E 05+/ 2 58E 05 151E04 

Notes See text Section 5 3 3 5 yertf- Ambient data represent the period 
December 30 1992 through January 26 1993 FDM values represent the 
period January 1 1993 through January 31 1993 
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Table 5-36 

Indoor Air Model Input Data Requirements 

Range of Values 

Commerctal Office Johnson Ettinger Equatlons Symbol 
Building CharactenstK: Unlts Buildmg 

BuiMlng size mZ 557 (464-650) 

Basement sue d 373 (31 1-438) 

4 = area of buildlng basement floor and walls d 
below grade 

562 (483-639) 

V = buiMng volume m3 1358(1 113 1 See) 

ACH 3: building air changes per hour dunenslonlesa OS (Oo4  15) 

X-,, = total floor/wall seam penmeter distance 

Z, = depth of crack below surface cm 244 

r,, = width of crack cm 1 9  

AP = buildtng pressure difference reletwe to 

k, = soil permeability to vapor flow 

Qbldp = building ventilatmn rate m3/hr 24000 (680) 

cm 7 730 (7 057-8 350) 

Pa (10 g/cm 82) 

darcy (104 cm2) l O ( O O 1  loo) 

l(1 10) 
ambient pressure 

Sources DOE 1994b EPA, 1992a Johnson and Ettinger 1991 Nihiser pers comm 
1993 



Table 5-37 

Mlrxlmum Concentrations of VOCs 
Identified in the IHSS 11 5 Soil-Gas Survey 

Maximum 
Constttuent Concen t rat ton 

tetrachloroethene (PCE) 7 6  
(tetrachloroethylene 
perch lorethy lene) 

1 1 1 trtchforoethane 
(TC4 
trtchloroethene (TCE) 20 0 

( P W  

13 0 

(t rt ch loroet hy lene) 

Source DOE 1994a 



#- 

Table 538 

Vapor Viscosities of VOCs 
Identified in IHSS 11 5 Soil-aSs Survey 

Vapor 

at temperature 

Constltuent VlSCOSlty 

(g/cm s) 

tetrachloroethene (PCE) 0 01932 at 

perch lo ret h ylene) 0 00798 at 
30°C 

1 1 1 trichloroethane 0 00566 at 

0 00532 at 
25°C 

(tetrachloroethylene 15°C 

( T W  2O0C 

trichloroethene (TCE) 0 00903 at 

0 00725 at 
30°C 

(tnchloroethylene) 15% 

Source Dean 1992 

e 



Table 5-39 

Results of Indoor Air Modeling for 
OU 5 Human Health Risk Assessment 

Concentration in 
Basement Area (pg/m3) 

Building 
Constituent Commercial Office 

tetrachloroethene (PCE) 0 018 (0 0056 0 25) 
(tetrachloroethylene perchlorethylene) 

1 1 1 trichloroethane (TCA) 0 067 (0 021 0 92) 

t rich loroet hene (TCE) (t richloroeth ylene) 023(0071 32) 

\ 
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6 0  HUMAN HEALTH RISK ASSESSMENT 

The human health nsk assessment ("RA) for OU 5 is summanzed in thls secuon The HHRA represents 

a poruon of the BRA associated with the RFI/RI This sectlon presents the methodology and results of the 

HHRA 

6 1  INTRODUCTION 

6 1 1  Purpose 

The purpose of the OU 5 HHRA is to develop a quanutatlve descnphon and assessment of the human 

health nsks posed by the COCs at OU 5 Thls HHRA is mcorporated m its entvety as part of the BRA for 

OU 5 The resultmg analysis of the human health nsks posed by OU 5 responds to and fulfills the 

requuements of Attachment 2 Sechon VII D Interagency Agreement. These agreements among DOE 
EPA and CDPHE r e q m  an analysis acceptable to both EPA and CDPHE Pursuant to tha requutment, 

the method of evaluatlon is consistent with the EPA RAGS (EPA 1989) 

6 1  2 Scope 

Thls HHRA conms a vanety of mformauon perttnent to potenual human health risks associated with 

OU 5 COCs are idenufied and an exposure assessment 1- the COCs to potcnually exposed receptors 

through current or future land uses and the assmated exposures COC lntakm arc calculated compand 

with EPA grudance and potenual health nsks are eshmated Uncertamty analysls is then performed on the 

evaluauons and results are documented 

6 1  3 Delineation of OU 5 Contaminant Source Areas 

A source area is defined as an IHSS or group of MSSs where concentrations or achwhes of potenUal 

chermcals of concern (PCOCs) m any m d u m  exceed an upper bound estrmate of the background range 

The upper bound estlxnate of the background range for metals and tadtonuclides is defined as the 

background mean plus two standard deviahons all detected organics are considered to be above 

background levels 
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Six OU 5 source areas were agreed to by EPA CDPHE and DOE and are hsted below and generally 

coincide with the OU 5 IHSSs with the excepuon of IHSS 209 IHSS 209 is not considered a source area 
because only calcium exceeded the cntenon of the mean plus two standard deviattons In addmon 

calcium is an essentlal nutnent with no applicable or relevant and appropnate reqmments (ARARs) 
avsulable The six physical areas are largely determlned by the extent of the potential contamuratlon and 

are 

(1) IHSS 1 15/196 Source Area. ' h s  source area includes the area of IHSS 115 (the Onginal 
Landfill) and IHSS 196 (the Filter Backwash Pond) It also mcludes the additronal area of a 
small margm around IHSS 115 to rnciude associated data pomts 

This includes the Ash fits (IHSS 133 1 133 2 133 3 and 133 4) the Incmeratof (IHSS 
133 5) and the Concrete Wash Pad (IHSS 133 6) 

approximately 1000 feet south of the ash pits (IHSS 133) and includes ateas of former 
excavatlons and associated surface soil sampling locauons 

(4) SID and Pond C 2 Source Area Thls source area mcludes the SID up to the Ongmal Landfill 
(IHSS 115) boundary and the C 2 pond (IHSS 142 11) The SID termmates mto Pond C 2 

(5) Surface Disturbance West of IHSS 209 Source Area. Ttus source area mcludes the Surface 
I>lsturbance area located approximately 1150 feet west of MSS 209 

(6) Woman Creek and Pond C 1 Source Area "Ius source area mcludes Woman Creek to the 
west boundary of the OU 5 study area and the C 1 pond (IHSS 142 10) located along the 
Woman Creek dramage 

(2) IHSS 133 Source Area. Thu source area mcludes the area encompassmg alI of the 133 IHSSs 

(3) Surface Disturbance South of MSS 133 Source Area. This source area is located 

6 1 4  Determination of OU 5 Areas of Concern 

AOCs are defined as one or several source areas that are in close proxtxuty and can be evaluated as a umt 

m the HHRA Of the six source areas idenufied 111 OU 5 the IHSS 115/196 Source Area and the IHSS 133 

Source Area are generally physically separated and are rreated mdwidually as AOCs The SID and Pond 

C 2 Source Area and the Woman Creek and Pond C 1 Source Areas are mterrelated and are treated 

together as one AOC 

The source area south of IHSS 133 did not exceed the CDPHE nsk based mmervauve screen cntenon 
and therefore IS not considered an AOC The source area west of IHSS 209 slightly exceeded the CDPHE 

conservauve screen cntenon due to plutonium 239/240 m one surface soil sample The remammg 

samples are sigmficantly less than the nsk based concentrahon (RBC) and subsequent sampling was not 
able to reproduce the plutomum 239/240 concentrauon that exceeded the CDPHE conservahve screen 
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Because the cntenon was only shghtly exceeded and due to a smgle sample of one PCOC thts source area 

is not idenufied as an AOC 

In summary the OU 5 AOCs are shown in Figure 6 1 and are idenufied as 

0 

0 

0 

AOC number 1 is idenhcal to the IHSS 1 W196 Source Area 

AOC number 2 is idenucal to the IHSS 133 Source Area 

AOC number 3 contam the SID Pond C 1 and Pond C 2 and Woman Creek Source 
Areas 

6 1 5  Chapter Organization 

This "RA is divided into m e  secuons Sechon 6 1 provides a bnef tntroducuon purpose scope OU 
description data aggregauon and report orgamzauon It also idenwies the OU 5 source areas and AOCs 

Secuon 6 2 presents the COC methodology and its applicauon m the identificaaon and selection of COCs 

Secuon 6 3 prowdes a descnpuon of how scenanos and pathways are rdenufied and selected for 
quanutahve analysis It discusses each current and future land use and potenmi receptors that could be 
exposed to the COCs III the context of the land uses Secuon 6 4 presents pathway specific mformatlon 
such as intake equauons modelmg data and exposure factors and concentrauons and resultmg receptor 

intakes Secuon 6 5 presents the COC toxlcity informatron mcludmg carcmogemc and noncarcmogemc 

effects Secuon 6 6 provides the methodology and applicauon of combwg the results of the exposure 

assessment and the toxicity assessment It mcludes the numencal estimates by scenario and receptor of 
potenual health effects and the OU 5 uncenmty analysis Secuon 6 7 presents a summary of the enure 

"RA 

6 2  CHEMICALS OF CONCERN IDENTIFICATION 

The HHRA evaluates potenual human health nsks for applicable receptors under current and potenual 

future land use condmons assurmng no remedial acuon takes place at OU 5 COCs are metals or 

radionuclides whose concentrauon or actrvrty stat~stlcally exceeds background concentnulons or 
achwues and orgmc compounds that are not naturally occurnng but that could pose a human health nsk 

under the assumed exposure condiuons COCs are idenufied on an OU wide bms for each medium (e g 

groundwater and soil) through whch exposure to chermcals could occur The identification of CoCs will 
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also help focus the efforts of envrronmentai transport modelmg descnpuon of the nature and extent of  

contammauon and remedy selecuon 

6 2 1  Selection Process for Chemicals of Concern 

COCs are selected at OU 5 for surface sod subsurface sod groundwater surface water seep water pond 

sediment, seep sedlment and stream sdment. These media were sampled durrng the Phase I RFYRI m 
accordance with the OU 5 Work Plan as amended (DOE 1992a) COCs are idenufied on an OU wide 

basis by pooling analyucal results for samples collected from the various samplmg locations for each 

medium 

The process for selecuon of COCs is shown rn Figure 6 2 and includes the followmg elements 

0 evaluauon of data 

a comparison to background concentrauons 

a apphcauon of professional Judgement 
a 

0 evaluauon of detecuon fresuency 

a concentratlordtomcity screen 
a 

elimnatlon of  essenual numents and major ions 

evaluabon of nsk based concentrauons for infrequently detected analytes and 
idenuficaon of specialcase COCs 

6 2 2 Evaluation of Data 

The prelimnary step m the process for selechon of COCs IS the evaluauon of analytical data for samples 

collected from each environmental me&um Analyt~cal data from envrronmental samples collected d a g  

the OU 5 field samplmg program and the sitewide samplrng programs were used to chmctenze potenual 
contarmnauon at OU 5 The samples used m thls evalwon were collected between October 1992 and 

November 1993 however samplmg is ongorng as data gaps are idenufied. The n u m b  of samples 
sampling locattons and other features of the sampling and analytical program are &scussed in the OU 5 

Work PIan (DOE 1992a) vmous TMs and summanzed in Th415 (DOE 1994a) Samples were collected 

from the followrng medta 
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surface soil 

subsurface soil 

groundwater 

surface water 

seep water 

pond sediment 

seep sediment 

stream sedment 

The data set is descnbed m Appenhx A of  TMI 1 (DOE 1995a) and was used to deteme the OU 5 

PCOCs These data are also descnbed in Secuon 4 0 The COC selectron process is mended to identlfy 

the chief environmental consutuents in each mehum that could have adverse impacts on public health 

The nsk assessment focuses on OU 5 consutuents that are potentlally sipficant health hazards Inorganrc 

constttuents whose concentrauons are below background levels or that are essenual nutnents or major ions 
are excluded from the nsk assessment Orgamc consutuents that wouid conmbute mipf icant ly  to 

overall nsk are identlfied and dwussed m DOE (1995a) but are not mcluded m r h ~ ~  quanutatlve nsk 

assessment. 

6 2 3 Comparison to Background Concentrations 

The evaluatlon of analytlcal data for the development of PCOCs is presented m TM11 (DOE 1995a) 
AnalyUcal results for metals and rdonuclides were compared to background levels denved from data for 

subsurface soils groundwater seepdsprmgs and stream sediments reported rn the BGCR (DOE 1993a) 

and from background surface soil samples collected in the Rock Creek area d m g  the 1991 OU 1 Phase 

III investtgauon and the 1993 OU 2 Phase II investlgatlon Metals and rdonuclides whose 

concentrauons &d not statlstlcally exceed background levels were e l m a t e d  from further considerauon 

as P C O C S  

TM11 (DOE 1995a) presents the background companson methodology m detad and contam summary 

tables of stausucal results for metals and radronuclides in all medm Orgaruc constttuents were assumed to 

be anthropogenic m ongm and are not ambutable to background therefore any orgamc constituent 

detected is mitrally considered a PCOC 

1 
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6 2 4 Application of Professional Judgment 

O@&r I995 

The spattal and temporal Qsmbuuon and the pattern of geochemcal charactensucs of cettaul metals and 
radionuclides identrfied as being above background levels were carefully evaluated ustng professional 

JUdgerXnt to support a conclusion as to whether these constituents were likely to be naturally occunrng or 

due to envlronmental contarmnatlon The evalumon and professional judgment are bnefly dembed here 
and rn more detad in TM11 (DOE 1995a) which contams discussions of professional judgement as it was 

applied to each mehum 

Based on the known histones of the OU 5 IHSSs as well as the operatronal history of the Site none of the 

radionuclides identlfied as PCOCs are elirmnated through this process The pnmary rdonuclides 

identlfied as PCOCs amencium 241 plutomum 239/240 and the uranium isotop are expected as site 

contamrnants Much of the spaual and temporal distnbutlon and geochemcal charactensucs of catam 

metals 111 each of the envlronmental &a applicable to OU 5 is based on the informat~on presented 111 

TMlS@OE 1994a) 

6 2 5 Elimination of Essential Nutrients and Major Ions 

Calcium rron magnesium potassium, and sodium were ehrmnated tiom further conmderauon as COCs 

because these consutuents are essenual numents occur naturally in the environment and arc tomc only at 

very hgh doses (EPA 1994d) Amons m groundwater (other than mtrate) were not evaluated The 
elimrnauon of essenual numents and major catrons and mons is applied to all applicable medta 111 OU 5 

6 2 6 Evaluation of Detection Frequency 

KOCs that were detected at a frequency of greater than five percent were considered potenual OU wide 

COCs These chemcals were mcluded m concentrmodtoxlcity screens to identlfy chermcals that could 

contnbute sigmficantly to total nsk Analytes detected at or less than five percent frequency are not 
considered charactenstlc of OU wide contarmnmon and the potenual for exposure is low M m u m  

concenuauons of infrequently detected orgmc consutuents and metals were compared to nsk based 

concentrauons (1000 X RBC) to identlfy isolated or highly localized occurrences of lugh comntraUons 

(1 e hot spots) that could pose a health nsk if routme exposure were to occur as Qscussed m Sectlon 
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6 2 8 Chemcals that exceeded the RBC companson would have been retamed as specid-case COCs for 

evaluauon m the risk assessment however none of the OU 5 PCOCs exceeded ther respecuve tbreshold 

and therefore no special case COCs were retamed Because DOE Order 5400 1 @OE 1990) stlpulates the 

use of all data (except for rejected data) for radionuclides negatlve values were used as reported and 

radionuclides were considered to be detected at 100 percent frequency 

I 

I 
I 

I 

6 2 7 Concentration/Toxicity Screen 

COCs in each medium were selected usmg separate concentrauodtoxicity screens for noncarcinogens I 

carcmogens and radionuclides The screens included inorgucs that were detected at concentraoons or 

actlviues greater than background levels and at greater than five percent frequency and orgaruc chemcals 

that were detected at greater than five percent frequency The purpose of applylng the screen is to focus 

the nsk assessment on the chef contnbutors to potentlal nsk. To perform the screen each PCOC m a 

medium is scored accordmg to its maximum detected concentratlon and tomcity to obtarn a nsk factor 

The nsk factor for noncarcinogenic effects 1s the m m u m  detected concentmuon diwded by the EPA 

reference dose 0) for that analyte The nsk factor for carcinogemc effects (and for radionuclides) IS the 

maximum detected concentrauon (or acuwty) multlphed by the EPA cancer slope factor (CSF) for that 

chemcal (or rdonuclide) The chemcal speclfic nsk factors are summed to calculate total m k  factors 

for the noncarcmogemc and carcmogenic (radioacuve and nonradioacuve) PCOCs ID. each rnedllllIl The 
ratlo of the nsk factor for each PCOC to the total nsk factor is called a nsk mdex the nsk mdex 

approximates the relauve nsk associated with each PCOC in the medlum Separate concentraudtoxtaty 

screens were performed for carcmogemc and noncarcinogenic effects of orgamc chermcals and metals and 

for carcinogemc effects of rdonuclides Several chemcals have both noncamnogemc and carcmogexuc 

effects and are mcluded m both concentrauodtoxtcity screens The results of the concentrauon/toxtcity 

screens are presented 111 Tables 6 1 through 6 20 

Each PCOC that comprised less than one percent of the total nsk factor was not considend a COC for 

evaluatlon m the quantltauve nsk assessment Thls approach reduces the number of chemcals to be 
camed through a nsk assessment However the approach is conservative (I e health protecttve) because 

it retans some chemcals that contrnbute as little as one percent of the total potentlal nsk in that me&um 

In most cases only a few chemcals conmbute the majonty of potenual nsk ID. each medium 
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TMl 1 (DOE 1995a) idenufies specific toxlcity factors for each PCOC and how the factors were used to 

detenntne the OU 5 COCs The toxlcity factors that were used m TMl 1 DOE (1995a) were also used to 

esumate human health effects in the HHRA 

6 2 8 Evaluation of Risk Based Concentrations for Infrequently Detected Analytes and 
Identification of Special-Case COCs 

As dwussed m Secuon 6 2 6 analytes detected mfrequently (m less than five percent of all samples in the 

medium) are not considered charactenshc of OU wide contamrnatlon and the potentlal for exposure is 
low These conshtuents were further screened to lnclude any mfiequently detected analyte that could 

conrnbute sipficantly to risk if rouune exposure to a hot spot were to occur In h s  analysis xmumum 

measured concentrauons were compared to screerung levels equtvalent to loo0 hmes RBCs (DOE 1995a) 

Any infrequently detected analyte measured at a concentrauon greater than lo00 Umes the respectwe RBC 
would have been idenufied as representmg a potenual health nsk if exposure were to occur and mcluded 

m the list of special case COCs for evaluauon m the HHRA Tables 6 21 through 6 24 present the RBC 
compansons As shown by these tables no special-case COCs were idenhfied by the RBC compansons 

Table 6 25 presents a summary of OU 5 COCs by m&um 

6 3  IDENTIFICATION OF SCENARIOS AND PATHWAYS 

Potenual exposure scenarios and pathways are idenufied usmg exlsung and potentlai future land uses 

The RME is defined as the hghest exposure that is reasonably expected to occur at a sftc acmrdmg to the 

EPA s concept of RME @PA 1989) The term potentlal is used as a reasonable chance of occunence 
withm the context of the RME scenano Umg h s  approach potentlal exposure routes are! evaluated 

usmg a CSM In the CSM exposure pathways are evaluated by thelr potenaal contnbuaon to exposure 
and classified as sipficant msipficant, and negligible or mcomplete Signrfcant pathways are 

potenually complete pathways that mvolve relatlvely dlrect exposure or only moderately reduced 
concentratlons due to contarmnant fate and transport. Insignrfcant pathways are potentidy complete 

pathways that are expected to result m exposure concentratlons one or more orders of magmtude lower 
than sipficant exposure pathways Negligible pathways are potenually complete pathways where either 

duect exposure is expected to be negligble or fate and transport is expected to reduce contammant 
concentratlons by several orders of magnrtude or more in companson to signrficant exposure pathways 
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Incomplete pathways are those where the exposure to the potenual receptor is expected to be blocked or 

incomplete Both sipficant and msipficant pathways will be evaluated quanuuulvely 

This secuon discusses current and future land uses potentlal human receptors and associated scenarios 

and pathways 

6 3 1  Current and Future Land Use 

In general current land use surroundmg the Site mcludes open space agrtcultural residenual office! 

gravel mung and commerciallmdusmal Table 6 26 summgnzes the cumnt patterns of land use at OU 5 

and near the Site the table also idenufies potenual future land use Future land use scenarios are 

identlfied as improbable (scenanos that are unlikely to occur) or credible (scenanos that could reasonably 

occur or are expected to occu) Current and future land uses both offsite and onsite (OU 5) are &cussed 

m more detail rn TM 1 1 DOE (1995b) 

Current acuvihes withm OU 5 consist of environmental invesbgauons mozutormg cleanup and mume 

security swerllance The Site operauons and mmtenance acuviues are not conducted w i t h  OU 5 

Future onsite residenual and agncultural development is inconsistent with land use plans for the area 
(RFETS 1995) Future land use would more likely involve industrial complexes at the developed 

poruons of the Site and open space uses in the buffer zone The pomons of OU 5 with smtable 

topography will also be evaluated further for constmuon of  and subsequent use of an office complex 

Thus onsite use of office facilibes and designauon of the buffer zone as 811 ecological preserve and/or 
open space were considered to be credible future land use scenanos for OU 5 and are consistent with the 

recommendauons o f  the Rocky Flats Future Site Use Worlung Group (RFETS 1995) 

6 3 2 Evaluation of Potential Human Receptors 

Current and future human populmon groups on and near the site are potenhd canhdates for evaluahon 

(1 e receptors) based on thev ltkelhood of exposure to site related COCs EPA gwdance does not require 

an exhausuve assessment of every potenual receptor and exposure scenano @PA 1992) Rather the 

tughest potenual exposures that are reasonably expected to occur should be evaluated along wth an 
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assessment of any associated uncertainty (EPA 1989) However all potential receptors have been 

idenufied and evaluated to ensure that important exposure pathways or receptors were not overlooked 

Potenual human receptors on and near the OU 5 study area are current and future residents current and 

future onsite workers future onsite ecological researchers and future open space receptors (DOE 1995b) 

Current and future residents incIude OU 5 onsite and offsite residenual receptors The current and future 

offsite residenual receptor potenually receives exposures of contamtnants from the entue plant site and 

not just OU 5 Because OU 5 conmbutes only a p m o n  of the potenual exposures to thu receptor the 

current and future offsite resident will not be evaluated further in the OU 5 HHRA (DOE 1995b) Future 

onsite residenual development is also mconsistent with future land use plans therefore a future onsite 
residenual receptor will not be evaluated further m the OU 5 HHRA (RFETS 1995) 

Current and future OU 5 onsite workers include current onsite secmty personnel fume office complex 
workers and future constNcUon workers It is assumed that the current onsite secunty workers will 

conmue to provide secunty semces to the OU 5 study area and that most of the secunty work will 
conmue to be performed from patrol vehcles Also to be conservauve the site specific exposure factors 

for a current onsite industnal worker wdl be used for the current onsite secunty worker Because some 
OU 5 locauons may be surtable for an office complex a future office worker and a future construction 

worker to bulld the complex w h  be evaluated in the OU 5 HHRA 

Because it is credible that the OU 5 study area may be preserved as an ecologrcal reserve or as open space 

a future onsite ecologcal researcher and a future onsite open space receptor wdl be evaluated 111 the OU 5 

"RA 

A CSM (Figure 6 3) was used to evaluate potenuai exposure routes The CSM documents each potential 

exposure by potenual contnbuhon to each human receptor The exposure IS clabslficd as sigdcant  

msipficant, and neghgible or lncomplete 
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6 3 3 Receptor Locations and Exposure Areas 

For "RAS conducted at the Site onsite exposures will be evaluated in separate AOCs identlfied UI the 

OU A &scussion of the OU 5 AOCs is in Secuon 6 1 4 Detemnauon of  OU 5 Areas o f  Concern Gnds 
are typically placed over each AOC to define the areas m which a potenual receptor can reasonably be 

expected to come in contact with COCs Default gnd sizes are 10 acres for a residenual receptor 30 acres 

for an industnal or office worker and 50 acres for an ecolog~cal researcher or open space recreational user 

However the largest AOC idenufied at OU 5 is AOC 2 with 24 5 acres and the chosen gnd size should be 

appropnate for the potenual receptors Because a residenual receptor is not appropriate as dscwsed m 
Sechon 6 3 2 the next largest gnd size is 30 acres which is larger than any o f  the three OU 5 AOCs 

Therefore all applicable receptors will be assessed on an AOC wide basis "Ius results tn calcuimg and 

using 95 percent upper confidence lmt (UCL) exposure concentrauons on an AOC wide basis and using 

AOC wide modeling results to calculate potenual health effects for each applicable receptor m each AOC 

Using chemcal samplmg data and fate and transport modeling as appropate the exposure pomt 

concentrauons and acuviues are used to quanutauvely evaluate chemcal mtakes for potenual receptors 

Table 6 27 idenufies current and future receptors and potenually complete pathways as associated with 

specific AOCs Detads regardmg the selecuon of  the five receptors and thew asmated pathways can be 
found m TM12 DOE (1995b) 

6 4  EXPOSURE ASSESSMENT 

Pathway specific exposures or mtakes are quanhfied through the use of intake equauons exposure 

parameters and exposure concentrmons Intake equauons are pathway specific whereas exposure 

parameters and exposure concenmons are both scenano specific and pathway speclfic Dependmg on 

the pathway exposure concentrauons may be stausucally denved dmctly from field mvesugauon data, or 

may be modeled usmg fate and transport models or eshmauon techruques Thls secuon first presents 

exposure concenaauons and modelmg followed by exposure factors mtake equations and then the 

resulung intakes 
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6 4 1  Exposure Concentrations and Modeling 

Where appropnate measured chemcal specific Concentratlons in surface soil subsurface soil 

groundwater seep water and seep sedment were used to calculate 95% UCLs The methd used to 

calculate 95% UCLs is consistent w~th the EPA pdance Calculatmg the Concentraaon Term for RI& 
Assessment (EPA 1994a) Concenaatlons of COCs suspended in au were esumated usmg an au 

dlspersion model (Fugiuve Dust Model) and are discussed m deml m Secuon 5 3 3 Groundwater and 

surface water modelmg are hscussed rn Secuon 5 3 1 and Secuon 5 3 2 respecuvely Concentrauons for 

each COC have been calculated separately for each of the three AOCs and are used to calculate separate 
makes Tables 6 28 through 6 30 present chemcal specific concentrauons m AOCl AOC2 and AOC3 

that were used to calculate OU 5 intakes 

Concentrauons for each COC to be used in the nsk assessment were c a l d d  usmg the method 

consistent with EPA s Calculatmg the Concentrahon Term for Rtsk Assessment, (EPA 1994a) Where 

numerous groundwater and surface water samples were taken at the same samplmg l-on over a pend 

of ume these concentrauons were averaged and then the averages were used m the equat~ons to calculate 

the respecuve 95% UCLs Also based on EPA gudance @PA 1992c) all UCLs were calculated assurmng 

lognormal dismbutlons of the data populattons The speclfic cases where this approach wm not 

appropnate are dlscussed below 

The groundwater sample sues m AOCl were small and large vmaUons 111 concentrauons were noted 
Therefore the calculated 95% UCLs were not appmpnate and maxlmum measured concentr&om were 

conservatwely used Sample sizes for seep water and seep sediments in AOC1 were also small and not 
appropnate for calculaung 95% UCLs therefore maxtmum concentrattons were used. 

Only one well in AOC2 was avalable for samphg of groundwater resulung m a small sample size 

Therefore calculaung a 95% UCL was not appmpnate and the maxtmum concentrations were used 
Sample sues for seep water and seep sediments m AOCZ were also small and were not appmpnate for 

calculaung 95% UCLs therefore maxmum concentrauons were used 

Two wells in AOC3 were avalable for samphg groundwater and there was a small sample size therefore 
calculaung 957 UCLs was not appropnate and maximum concentrauons were used Stream sedunent 

6 12 
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Two wells 111 AOC3 were avalable for samphe groundwater and there was a small sample size therefore 

calcuiaung 95% UCLs was not appmpnate and maxtmum concentrauons were used Stream sedunent 
samples of amencium 241 and plutomum 2391240 were small and therefore the 95% UCL concentraUons 

are not a~propnate For these two COCs in AOC3 sueam sedunent the maxlmum concenrrauons were 
used 

6 4 2  Exposure factors and Intake Equations 

The Rocky Flats Site Specific Exposure Factors for Quanutauve Human Health h s k  Assessment were 

used 111 the make equauons and are found m Appendix M The appropnate exposure factors and chemcal 

concenrrauons are incorporated into the make equahons rn Secuons 6 4 2 1 through 6 4 2 6 to calculate 

respecux e receptor COC intakes 

6 4 2 1 Incidental Ingestion of Soil Sediment and Dust 

Receptor mtakes may result from incidental mgesuon of COCs rn soil sedunent and dust The followmg 

equauon IS used to calculate the intake 

Intake (mgkg day) = J 
BW x AT 

Where 

cs 
IR 
CF 
!E 
FI 
EF 
ED 
BW 
4T 

= Chermcal concentrauon m soil sedment or dust (mgkg or pCdg) 
= Ingesuon rate (mg/day) 
= Conversion factor ( lod kg/mg) 
= Mavlx effect m GI tract (mtless) 
= Fracuon lngested from contammated source (unrtless) 
= Exposure frequency (daydyear) 
= Exposure d m o n  (years) 
= Body weight (kg) 
= Averagmg ume (days) 

For calculauon of radionuclide intakes the concentrauon is expressed 111 pCdg and the expression IS not 
dwided by body weight and averaglng ume The intake for ra&onuchdes IS expressed m pCi The 

chemcal specific mamx effects are found 111 Table 6 3 1 
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I The exposure from dermal contact with orgamc chemcals rn soil and sediments is calculated usrng the 

followmg equauon which results in an esumate of the absorbed dose (I e mtake) not the amount of  

6 4 2 2 Inhalation of Airborne Contaminants 

Axborne contarmnants associated with complete pathways at OU 5 are in the paruculate form De& 
absorpuon of  contammants that may be m the vapor phase is considered to be negligible m proporuon to 

lnhalmon mtakes and therefore is disregarded m accordance with RAGS @PA 1989a) The following 

equauon is used to esumate mhalahon intakes 

Where 

CA 
IR 
RF 
RDF 
ET 
EF 
ED 
BW 
AT 

= Contamrnant concentrauon 111 a u  (mg/m’ or pCi/m3) 
= Inhalauon rate (m3/h0ur) 
= Resptrable fracuon (unrtless) 
= Respiratory deposiuon factor (utless) 
= Exposure ume (hourdday) 
= Exposure frequency (days/year) 
= Exposure durauon (years) 
= Body weight (kg) 
= Averaging ume (days) 

For calculauon of  intakes from mhalauon of paruculates only the fracuon of the par~lculate concentrauon 
m a n  that is considered to be respuable (<lo m) is evaluated Air dispersion modelrng performed for OU 
5 considered parucle size and therefore the a n  concentrattons are the respvable particulates only The 

respirable fracuon parameter for mhalauon of aubome contarmnants at OU 5 is therefore always 1 0 

The respiratory model developed by the Internatronal Comrmssion on Wological  Protecuon rndcates 

that pmcles with sizes above 10 wm are relatively untmportant contnbutors to lntemal dose (NCRP 

1985) For calculauon of r~onuc l ide  intakes the concentrahon is expressed m pCdd and the 

expression is not divided by body weight and averagmg ume The mtake for rdonuchdes is expressed m 

P c 1  

6 4 2 3 Dermal Contact with Soil and Sediments 
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chermcai in contact with the slan Exposure from dermal contact with metals and rdonucludes was not 

esbmated due to the low rate of absorpbon of these consutuents 

Where 

cs 
CF 
SA 
FC 
AF 
ABS 
EF 
ED 
BW 
AT 

= Chermcal concenvatlon m soil or se&ment (m@g) 
= Conversion factor (10" kg/mg) 
= Slun surface area avalable for contact (cm /event) 
= Fracuon contacted from contammated source mtless) 
= Soil to skm adherence factor (mg/cm2) 
= Slun absorptlon factor (mtless) 
= Exposure frequency (events/year) 
= Exposure durahon (years) 
= Body weight (kg) 
= Averagmg ume (days) 

6 4 2 4 Ingestion of Surface Water and Suspended Sediment 

The equauon used to calculated lntake from ingestlon of con- water IS presented below 

Where 

cw 
IR 
ER 
EF 
ED 
BW 
AT 

Intake ( m g k g  day) = CW x Ibs.El3-R 
BWxAT 

= Chemcal concentr~on m water (mg/liter or pcdliter) 
= Inhalabon rate (literhour) 
= Exposure rate (hourdday) 
= Exposure frequency (daydyear) 
= Exposure durauon (years) 
= Body weight (kg) 
= Averagmg ume (days) 

For caiculauon of rdonuclide mtakes the concentrahon is expressed m pCdliter and the expresslon is 

not divided by body weight and averagmg tlme The mtake for mhonuchdes is expressed in pCi 
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6 4 2 5 Dermal Contact with Surface Water 

The equmon used for dermal contact with chemcals m surface water is presented below This equauon 

calculates the actual absorbed dose (1 e make versus the amount of chemcal that comes m contact with 

the slun) 

Absorbed Dose (mgkg day) = ! 
BWxAT 

Where 

CW 
CF 
SA 
PC 
ET = Exposure ume (houdday) 
EF = Exposure frequency (daydyear) 
ED = Exposure durauon (years) 
BW = Body weight (kg) 
AT = Averagmg ume (days) 

= Chemcal concentrahon m water (mghiter) 
= Volumemc conversion factor for water (1 Iiter/lOO cm') 
= Skm surface area avalable for contact (cm') 
= Chemcal specific dermal permeability constant (cmhour) 

The chemcal specific dermal permeabihty constants are found m Table 6 3 1 Exposure ftom dennal 

contact with metals and rdonuchdes was not esamated due to the low rate of absorption of these 

consu tuents 

6 4 2 6 Extemai Radiation Exposure 

Radionuclide intakes for external exposure are calculated usmg the followmg equahon 

Znt& ( pc' f Year) = C x EF x ED x (1 Se) x Te 

Where 

C = Isotope actlwty (pcdg) 
EF 
ED = Exposure durauon (years) 
Se 
Te 

= Exposure frequency ratlo (mtless) 

= Gamma dueldmg factor (mtless) 
= Gamma exposure factor (mtless) 
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6 4 3  Calculated Intakes 

In accordance with EPA gudance calculatlons are conducted for both central tendency (CT) and RME 
values for receptor intakes (EPA 1994a) The Rocky Flats site specific exposure factors UL Appendix M 
conmn both RME and CT values and were used to calculate mtakes Tables 6 32 through 6-41 document 

the RME and CT carcmogemc chemcal mtakes for receptors m AOCl Tables 6 42 through 6 51 

document the RME and CT carcmogemc chemcal mtakes for AOC2 and Tables 6-52 through 6-55 

document the RME and CT carcmogemc chemcal mtakes for applicable receptors 111 AOC3 RME and 

CT noncarcmogemc chemcal intakes for receptors m AOCl are found in Tables 6 56 through 6 67 

Tables 6 68 through 6 79 document the RME and CT noncarcmogemc chemcal makes for AOC2 and 

Tables 6 80 through 6 85 document the RME and CT noncarcmogemc chemcal intakes for receptors at 

AOC3 

6 5  TOXICITY ASSESSMENT 

Toxicity values are used to charactenze potenual risk and health effects and ths sectron documents the 

toxicity constants for the OU 5 COCs The tomcity constants used m ths nsk assessment were obtamed 

from several sources but the pnmary source of information was EPA s Integrated Rsk Informauon 

System (IRIS) database (EPA 1994c) IRIS contam only those toxlaty values that have been venfied by 

EPA s Carcmogemc fisk Assessment Verrficaon Endeavor (CRAVE) Work Groups The IRIS database 

is updated monthly and per RAGS (EPA 1989) supersedes all other sources of tomcity infomon If 

the necessary data are not avsulable m IRIS EPA s most recent issue of Health Effects Assessment 

Summary Tables (HEAST) is used (EPA 1994b) The E A S T  tables are published annually and updated 

approximately two tlmes per year HEAST contams a comprehensive listing of provisional nsk 
assessment informauon that has undergone rewew and has the concurrence of lndrvidual EPA Program 

Offices but has not had enough rewew to be recogmzed as hgh quabty agency wide consensus 
mformauon @PA 1994b) Addmod sources of informauon used m tius nsk assessment mclude the 

EPA Enwonmental C n m a  and Assessment Office (ECAO) and pdance from EPA toxicologists 

The COCs idenufied in TMll (DOE 1995a) have venfied toxicity values avatlable from IRIS or HEAST 
except for the chemcals that are documented m EG&G Rocky Flats Inc memo 94 RF 11283 (EG&G 
1993c) Table 6 30 promdes a summary of the OU 5 COCs and thev respecuve toxlcity mformauon that 
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was used for the nsk charactenzauon Additlonal deml and references for toxlcity values can be found m 
TM11 (DOE 1995a) and the OU 5 toxlcity letter (EG&G 1993c) 

October 1995 

The following four secuons discuss toxlcity assessments specific to noncarcmogemc and carcmogemc 

chemcals 

6 5 1  Toxicity Assessment for Noncarcinogenic Effects 

Potentral noncarcinogemc effects will be evaluated m the nsk charactenzauon by companng duly intakes 

with chron~c RiDs developed by EPA Th~s secuon provldes a deht ion  of an RtD and discusses how it IS 

applied m the nsk assessment 

A chrontc REI is an esumate (with uncertamty spanrung perhaps an order of -tude) of the dsuly 

exposure that can be mcurred dunng a lifetlme without an appreciable nsk of a noncancer effect bemg 

mcurred in human populauons includmg semuve subgroups (EPA 1989) The IUD is based on the 

assumptlon that thresholds exlst for noncarcmogemc toxlc effects (e g liver or ludney damage) RDs are 

typically presented in mts of mg/kgday and are calculated by divldmg a dose (reptesentmg a no 

observed adverse affect level or a lowest-observed adverse effect level) at whch there are no signtfrcant 

measurable effects produced by an uncertamty or safety factor that typically ranges from 10 to 10 OOO 

Thus there should be no adverse effects associated with chromc d d y  intakes at or below the RfD value 

Conversely if chromc dady intakes exceed h s  threshold level there is a potenbal that some adverse 

noncarcinogenic health effects mght be observed m exposed mdiwduals 

RfDs have been denved by EPA for both oral and mhalabon exposures However m January 199 1 EPA 

decided to replace lnhalatron RfDs with reference concentrattons W s )  RfCs arc expressed m tams of 

concentrauons m a~ (mg/m3) not m terms of dose or mgkgday An RfC may be converted to a 

correspondmg inhaled dose (mgkg-day) by &vidmg by 70 kg (an esumated human body weight) 

multrplyrng by 20 m3/day (an assumed human mhalmon rate) and adjustmg by an appropriate absorpU0n 

factor (EPA 1994b) 
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6 5 2  Toxicity Assessment for Carcinogenic Effects 

Potenual carcinogemc nsks are expressed as an esumated probability that an mdivldual may develop 

cancer from lifetime exposure This probabihty is based on projected mtakes and chemcai specific dose 

response data or Cancer Slope Factors (CSFs) CSFs and the esumated datly intake o f  a compound 

averaged over a hfeume of exposure are used to esumate the incremental nsk of an indwdual exposed to 

that compound developmg cancer There are two classes of potenual carcmogens nonrachoacttve and 

radioacuve chemicals For the purposes of this toxicity assessment each of  these two classes of  elements 

or compounds are dmussed separately 

6 5 2 1 Toxicity Assessment for Nonradioactive Chemical Carcinogens 

Evidence of chemcal carcmogemcity ongmates pnmanly from two sources llfettme studes with 

laboratory mmals and human (epidemologcal) studies For most such chemcal carcmogens anrmal 

data from laboratory expenments represent the pnmary basis for the extrapolmon Effects from exposure 

to hgh (1 e adrmnistered) doses are based on laboratory mmal bioassay results whereas efects 

associated with exposure to low doses of a chemcal are generally esUmated from mathemaucal models 

For these nonradioacuve chemcal carcmogens EPA assumes a small number of molecular events can 

evoke changes in a single cell that can lead to uncontrolled cellular prohfermon and tumor mductton 

This mechmsm for carcmogenesis is referred to as stochasttc which means that there is theoreucally no 

level of exposure to a gwen chemcal carcmogen that does not pose a small but finrte probabihty of 
generatmg a carcmogemc response Because nsk at low exposure levels cannot be measured dmctly 

either in laboratory animals or human epidemology studies vanous mathemattcd models have been 

proposed to extrapolate from hrgh to low doses 

Consistent with guidance m RAGS @PA 1989) PAHs that have been identtfied as COCs m OU 5 will not 

be quanutauvely evaluated for dermal exposure RAGS states It is mappropnate to use the oral slope 

factor to evaluate the risks associated with dermal exposure to carcinogens such as benzo(a)pyrene whch 

cause skm cancer through a duect acuon at the point of apphcauon RAGS also states Generally only a 

qualitawe assessment of nsks from demal exposure to these chemcals is possible The PAHs m OU 5 
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are benzo(a)anthracene benzo(a)pyrene benzo(b)fluoranthene, &benzo(a.h)anthracene fluoranthene 

mdeno(l2 3 cdlpyrene and pyrene 

Uncertamhes in the toxlcity assessment for nonradioacttve chemical carcmogens are dealt with by 

classifying each chemical into one of several groups accordmg to the weight-of evldence from 
epidemiological studies and animal studies Table 6 86 presents specific defimtlons for weight of 

evidence 

6 5 2 2 Toxicity Constants for Radioactive Chemicals 

Extensive literature exlsts that descnbes the health effects of radionuclides on humans and atllmais 

Intensive research by natlonal and intemauonal comrmssions has established uxuvmally accepted l m t s  

to which workers and the public may be exposed without clmically detectable effects Thrs literature has 
resulted in EPA classlfylng all radioacuve chemcals as Group A carcmogens because they e m t  ionrpng 

radiaaon which, at hlgh doses has been associated with increased cancer mcidence 111 humans 

A fundamental dlfference between the assessment of potenual toxlcity associated with exposure to 
radionuclide and nonr~onuchde carcmogens IS that CSFs for radionuclides are typically best esumates 
(mean or median values) rather than upper 95th percenale values Furthermore 111 the past, nsk factors for 
radionuclides have generally been based on fatahues (I e the number of laboratory mmals or people who 

actually died from cancer) whereas CSFs for nonmbological carcmogens are based on rnadence (I e the 

number of lab annals or people who developed cancer) Fmally the CSFs for radmuclides are 
expressed in different uolts [I e nsk per pCi (pCi ') rather than mgkg-day '1 

6 6  RISK CHARACTERIZATION 

fisk characterlzahon mvolves eshmaung the maptude of the potential adverse effects of COCs under 
study and summarrzmg nsks to human health f isk charactenzauon considen the nature and weight-of 

evidence supporung these nsk esumates and the magmtude of uncemnty smundmg those estlmates 
R s k  charactenzauon combmes the results of the exposure and toxicity assessments to prow& numencal 
esttmates of health nsk These esumates are compansons of exposure levels with RfDs or esumates of the 
lifeame cancer nsk for a gven intake The process of charactenzing nsk includes the following 
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0 

0 Conducmg quantlmve uncertamty analysis 

Calculating and charactenzmg cancer nsk and potenual noncarcmogemc effects 

Conducmg qualitawe uncertamty analysis and 

6 6 1  Calculating and Characterizing Cancer Risk and Noncarcinogenic Effects 

To quanufy the human health nsks the intakes are first calculated for each COC each applicable S c e m o  

and each AOC The CT and Rh4E mtakes are calculated based on measured or modeled concentmuons 

and using the methodology documented m the RAGS (EPA 1989) and discussed m Section 6 4 Exposure 

Assessment, and Sectlon 6 4 3 Calculated Intakes The specrfic mtakes are then compared to the 

applicable chemcal specific toxlcologcal data &scussed m Secbon 6 5 Toncity Assessment, and 

presented in Table 6 41 to deterne the potenual CT and RME human health nsks 

The potenual human health nsks from each COC are calculated to deterrmne potentlal carcmogemc effects 

and to detemne potenual noncarcmogemc effects Each of these calculabons is discussed tn the 

following sectlons 

6 6 1 1 Determining Carcinogenic Effects 

The followmg calculatlons are used to determtne carcinogemc effects by obtarnlng numencal estlmates of  

lifetlme cancer nsks 

RISK = INTAKE x CSF 

Where 

k s k  = Potenual lifetune excess cancer nsk (urutless) 
CSF = Cancer slope factor for chemcals (mgkgday) ' or (pCi) ' 
Intake = Chemcal mtake (mgkgday) or (pCi) 

Secuon 6 4 3 Calculated Intakes identlfies where specific estlmated intakes for each receptor by AOC are 

found and Table 6 3 1 presents the CSFs for each applicable COC Inhalabon and mgestlon CSFs were 

used with respective tnhalabon and mgestlon intakes to esumate potentlal human health nsks The CSF is 

charactenzed as an upperbound estlmate 
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Cancer nsks are summed separately across all potenual nonra&oacuve and radioactwe chermcal 

carcinogens considered m the nsk assessment usmg the following equauon 

RISK, = R I q  

Where 

RISK, = Total cancer risk expressed as a unitless probability 
RISK, = f isk  esttmate for the ith contaminant 

This equauon is an approxlmatton of  the precise equatton for combmg nsks to 8ccoullt for the 

probabihtv of a receptor developmg cancer as a consequence of  exposure to two or more carcmogens As 
stated in EWGS @PA 1989) the difference behveen the precise equmon and h approxtmauon IS 

negligible for total cancer nsks less than 0 1 Thts nsk summatton assumes mdependence of  acuon by the 

compounds involved Some Iimtauons are posed by thts approach and are discussed rn RAGS (EPA 

1989) 

Most models for low dose extrapolatton produce quanutauvely simlar results 111 the range of observable 

data, but yeld estunates that can vary by three or four orders of magnatude at lower doses Anrmal 
bioassay data are not adequate to d e t e r n e  whether any of the compemg models are better than the 

others In additlon there is no evidence to mdcate that the precision of lowdose nsk esmates mcreases 

through the use of  more sophstlcated models Thus if a carcrnogemc response occurs at the exposure 

level studied it is assumed that a simlar response wdl occur at all lower doses unless evidence to the 

contrary exlsts 

Tables 6 87 through 6-96 document the nsks calculated for AOCl receptors usmg RME and CT exposure 

parameters Tables 6 97 through 6 106 document nsks calculated for AOC2 receptors uslng RME and CT 
exposure parameters and Tables 6 107 through 6-1 10 document the nsks calculated for AOC3 receptors 

using RME and CT parameters These tables idenufy the total calculated nsk by receptor total receptor 

nsk for each COC across all apphcable pathways and total receptor nsk for each pathway for all 

applicable COCs Point esumates of  potenual human health nsk are discussed further 1 ~ .  Secuon 6 6 2 
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6 6 1 2 Determining Noncarcinogenic Effects 

Potenual health effects associated with exposure to individual noncarcmogeruc compounds are evaluated 
by calculaung hazard quouents A hazard quouent (HQ) is the rauo of the lntake rate to the RfD as 

follows 

Where 

HQ = Noncancer hazard quouent 
Intake = Chemcal intake (mgkg day) 
REI = Reference dose (mgkg day) 

Chronic RfDs are extracted from IRIS and HEAST and specific values are documented on Table 6 3 1 

Simlar to CSFs the RfDs for lnhalauon and ingesuon are used with respecuve lnhalauon and oral lntakes 

Hazard Zn&ces (HIS) are the summed hazard quouents for each chemcal across the applicable pathways 

When the HI exceeds mty there may be concern for potenual human health effects from exposure to 

noncarcmogemc chermcals Obviously any single chermcal with an exposure level greater than its 
toxlcity value will cause the HI to exceed u t y  however muluple chemcal exposures can also cause the 
HI to exceed this threshold even if no single chemcal exposure exceeds its respectwe RfD 

Tables 6 11 1 through 6 122 document the calculated Rh4E and CT HQs and HIS for the apphcable 

receptors 111 A X 1  Tables 6 123 through 6 134 document the calculated RME and CT HQs and HIS for 
the applicable receptors 111 AOC2 Tables 6-135 through 6 140 docunent the calculated RME and CT 
HQs and HIS for the applicable receptors in AOC3 The tables identtfy m&vidual HQs by COC and 

pathway and prowde total HIS by chemcal and a total of all HIS by receptor The point esttmates of 

potenual health effects that are documented on these tables are dscussed 111 more deml in Section 6 6 2 

6 6 2  Point Estimates of Risk and Health Effects 

Reasonable exposure pathways were evaluated in Secuon 6 3 Scenano and Pathway XdenuficaUon and 

the nsks and HI values for the applicable COCs were summed across these pathways Consistent with 
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EPA guidance (EPA 1992b) both RME and CT point esumates for lifeme cancer m k  and potenual 

noncarcmogemc health effects were calculated Addiuonally the total carcmogenic nsks are documented 

separately for Class A B and C carcmogens as dlrected by RAGS (EPA 1989) An addmonal pomt of 
reference is prowded by adding the total risks for the weight of evidence classficauons to amve at a 

conservative total nsk for each receptor These nsks are expressed in the text usmg one significant figure 

per EPA gmdance (EPA 1989) For greater detad the nsks esumated m Tables 6 87 through 6 140 are 

expressed in two sipficant figures Noncarcmogenic health effects are expressed as M values Fmt the 

total HI values uere calculated by sumrmng HQ values by receptor without regard for the target organ 

affected Because no HI exceeded or approached untty it was not necessary to sum the HQ values 

accordmg to target organ The following secuons &scuss the results of RME and CT pomt esumates of 

lifeume cancer nsk and potentlal noncarcmogemc health effects by receptor 

October 1995 

6 6 2 1 Future Construction Worker 

The future construcuon worker is a potenttal receptor m AOCl and AOC2 As drscussed m Secuon 6 3 

Scenano and Pathway IdenWicabon the construchon worker receptor is not an applicable receptor m 
AOC3 Total calculated RME nsk for th~s receptor m AOC 1 is 4E-07 with mgesuon of surface sod and 

exposure to external r ~ a t l o n  bemg the dnvmg pathways and with uran~um 238 bemg the most 
si@icant COC (Table 6 87) The construcuon worker total CT nsk m AOCl IS 2E-07 the drivmg 

pathway is external radiauon and urmum 238 IS the most sigdicant COC (Table 6 92) The total 

calculated RME nsk for this receptor m AOC2 is 8E 08 with mgesuon of surface soil contnbutmg the 
most nsk and the most sipficant COC bemg uran~um 238 (Table 6 97) The consmuon worker total 
CT nsk m AOC 2 is 3E 08 with the external radiauon pathway and uranium 238 conrnbutmg the greatest 

nsk (Table 6 102) 

Total RME HI calculated for the consmcuon worker m AOC 1 is 0 04E 02 and the greatest pathway and 

COC respectwely are mgesuon of subsurface soil and Aroclor 1254 (Table 6- 11 1) The total CT HI 

calculated for h s  receptor in AOCl is 0 006 with the greatest contnbuuon from mgesuon of subsurface 

soil and from Aroclor 1254 (Table 6 117) Total RME HI calculated for th~s receptor m AOC2 IS 0 01 

with the greatest contnbuuons c o m g  from mgesuon of subsurface soil and antmony (Table 6-123) 

Total CT HI calculated for the construcuon worker in AOC2 is 0 002 with mgesuon of subsurface sod and 

anumony provldmg the greatest nsk by pathway and COC respecuvely (Table 6 129) 
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6 6 2 2 Current Worker (Secunty Worker) 

The current worker receptor is exposed to COCs in AOC 1 and AOC2 and not rn AOC3 Total RME nsk 

for this receptor in AOC 1 is 3E05 with the greatest contnbutors being the extefnal radiauon pathway and 

w m u m  238 (Table 6 88) The total CT nsk for the current worker at AOCl IS 2E 06 with a dnving 
pathway of external radiauon and urmum 238 contnbuung the most nsk (Table 6 93) The total RME 

nsk for this receptor in AOC2 is 4E 06 with the external radiauon pathway and urmum 238 conmbuung 

the most nsk (Table 6 98) The total CT risk for the current worker in AOC2 is 3E-07 with the greatest 

contnbuung pathway and COC of external radiation and m u m  238 respecuvely (Table 6 103) 

The total RME HI for the current worker at AOCl is 0 07E 02 with the dnvmg pathway bemg dermal 

absorption of surface soil and the most significant COC being Aroclor 1254 m surface sod (Table 6 112) 

The total CT HI for &Is receptor at AOC 1 is 0 01E 02 with dermal absorpuon the dormnant pathway and 

Aroclor 1254 the dommant COC m soil (Table 6 11 8) The total RME HI for the current worker at AOC2 

is 0 0005E 04 with the dnvmg pathway being ingesuon of surface soil and the most sigmficant COC 

berng copper (Table 6 124) The total CT HI for this receptor at AOC2 is 0 oooO8 the respecuve dnwng 

pathway and COC are ingesuon of surface soil and copper respecuvely (Table 6 130) 

6 6 2 3 Future Ecological Researcher 

The future ecological researcher is an applicable receptor in all three AOCs The RME total nsk for h s  

receptor rn AOC 1 is 1E 06 The dnwng pathway is exposure to external radmon and the most u@icant 

COC is urmum 238 (Table 6 89) The CT total nsk for a future ecologcal researcher m AOC 1 is 7E-07 

with the dommant pathway and COC being external radrauon and uruum 238 respectwely (Table 6-94) 

The RME total risk for &Is receptor in AOC2 is 2E 07 and the dnving pathwav is exposure to external 
radiauon and the most sigmficant COC is uranium 238 (Table 6 99) The CT total nsk for thts receptor m 
AOC2 is 1E 07 the respecuve domnant pathway and COC is external rachatlon exposure and urmum 
238 (Table 6 104) The RME total nsk for an ecological researcher in AOC3 IS 2E-08 with a dnvmg 

pathway of ingesuon of pond sedrments and the most significant COC is plutomum 239/240 (Table 6 

107) The CT total risk for &Is receptor m AOC3 is 6E 09 with the respecuve domtnant pathway and 

COC bemg ingesuon of pond se&ments and plutonium 2391240 (Table 6 109) 
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I 

The RME total HI for the ecological researcher m AOC 1 is 0 04 the dormnant pathway is dermal 

absorpuon of surface soil and the most significant COC is Aroclor 1254 in surface soil (Table 6 113) The 

CT total HI for this receptor m AOCl is 0 01 the dnvmg pathway is mgesuon of seep sedments and the 

dormnant COC is Aroclor 1254 (Table 6 119) Total RME HI for this receptor in AOC2 is 0 02 with the 
respecuve dormnant pathway and COC bemg mgesuon of seep se&ments and anumony (Table 6 125) 

The CT total HI for an ecological researcher m AOC2 is 0 004 The dnmg  pathway 1s mgestlon of seep 

sedments and the dormnant COC is anumony (Table 6 131) The RME HI total for thts receptor m AOC3 

is 0 004 with the dnwng pathway bemg mgesuon of stream sedunents and the dnwng COC IS mercury 

(Table 6 135) The CT total HI for an ecologcal researcher m AOC3 is 0 001 The respechve dormnant 

pathway and COC is ingesuon of stream sedtments and mercury (Table 6 138) 

6 6 2 4 Future Office Worker 

The future office worker is a potenual receptor m AOCl and AOC2 only As dscussed m Secuon 6 3 

Scenano and Pathway Identlficauon the office worker receptor is not an appkable receptor m AOC3 

The total RME nsk for ths receptor m AOC 1 is 3E 05 with the dnwng pathway berng exposure to 

external r d a o n  and the domlnant COC bemg urmum 238 (Table 6-90) Total CT nsk for a hture 

office worker m AOC 1 is 2E 06 the respecuve dormnant pathway and COC are external radmon and 

urmum 238 (Table 6 95) The total RME nsk for this receptor m AOC2 IS 4E-06 the dnvmg pathway is 
exposure to external radiauon and the dormnant COC is uranium 238 (Table 6 100) Total CT nsk for 

this receptor in AOC2 is 3E 07 and the respecuve domant  pathway and COC are exposure to external 

radiauon and urmum 238 (Table 6 105) 

The RME total HI for the future office worker m AOCl is 0 05 The dnvmg pathway is dermal absorption 

of surface soil and the dormnant COC IS Aroclor 1254 m surface soil (Table 6 114) CT total HI for thIS 

receptor in AOCl is 0 007 with the dommant pathway and COC respecttvely bemg dennal absorpuon of 

surface soil and Aroclor 1254 m surface soil (Table 6 120) The total RME HI for a future office worker 
m AOC2 is 0 0005 The dnvmg pathway is mgeshon of surface soil and the most sipficant COC is 

copper (Table 6 126) Total CT HI for thIS receptor in AOC2 is 0 00004 with the d n m g  pathway and 

COC respecuvely of ingesuon of surface sod and copper (Table 6 132) 
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6 6 2 5 Future Open-Space User 

Future open space users consist of both adults and chldren with complete pathways m all three AOCs 

Total lifeume cancer nsks are esumated for an open space user whereas noncancer hazard mdices are 

calculated separately for adult and chld receptors for the soil and sedrment mgesuon scenatlos The total 
RME nsk for the open space user m AOCl is 4E-06 with respectwe domtnant pathway and COC of 

exposure to external radiauon and urmum 238 (Table 6 91) The total CT risk for thrs receptor is 4E 07 

with a dnving pathway of external radmuon exposure and urmum 238 bemg the most si@icant COC 

(Table 6 96) Total RME nsk for this open space receptor in AOC2 is 6E-07 The dominant pathway is 

exposure to external radiauon and the dommant COC is uranium 238 (Table 6 101) Total CT nsk for an 

open space user in AOC2 is 6E-08 with external radmon exposure bemg the dormnant pathway and 

urantum 238 the most sigmficant COC (Table 6 106) Total RME mk for h s  receptor in AOC3 is 4E 08 

The dommant pathway and COC are ingesuon of pond sedunents and plutouum 2391240 respecuvely 

(Table 6 108) The CT total nsk for this adult receptor is 2E 09 with the d n m g  pathway bcmg rngestlon 

of pond sedments and the dnvlng COC bemg plutomum 239/240 (Table 6 110) 

The total RME HI for the open space user m AOCl is 0 01 with a dnvmg pathway of dermal absorpuon 

and the most sigmficant COC being Aroclor 1254 m surface soil (Table 6 115) The total RME HI for a 

chlld open space receptor m AOC 1 is 0 04 The dormnant pathway and COC are mgesuon of scep 

sedrments and anumony respecuvely (Table 6 116) The total CT HI for the adult receptor 111 AOCl is 

0 OOO9 and the driving pathway and COC are ingesuon of seep sedrments and anumony respecuvely 

(Table 6 121) The total CT HI for a chld open space receptor m AOCl is 0 007 The dormnant pathway 

is mgesuon of seep sedrments and the most sigmficant COC is aatunosly (Table 6 122) 

The total RME HI for an adult open space receptor in AOC2 is 0 003 with respectwe dormnant pathway 
and COC bemg mgesuon of seep sedtments and anumony (Table 6 127) Total RME HI for th~s chld 

receptor in AOC2 is 0 03 The dtrvmg pathway is mgestton of seep sedrments and the most slgnrfcant 
COC is anumony (Table 6 128) Total CT HI for an adult receptor m AOC2 is 0 0006 with the dommaut 

pathway being ingesuon of seep sedtments and anumony being the donuant COC (Table 6 133) The CT 
total HI for a chld open space receptor 111 AOC2 is 0 005 with the dnvmg pathway of ingesuon of seep 

sedrments and the dnvmg COC is anumony (Table 6 134) 
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The total RME HI for an adult open space user m AOC3 is 0 0008 with respecuve doxxunant pathway and 

COC bemg ingesuon of stream sedunents and mercury (Table 6 136) Total RME HI for a c u d  open 

space receptor in AOC3 is 0 007 The dormnant pathway is ingesuon of stream sedments and the 
domant  COC is mercury (Table 6-137) Total CT HI for the adult open space receptor m AOC3 is 
0 0002 The dnvmg pathway is ingesuon of stream sedunents and the most signtficant COC 1s mercury 

(Table 6 139) The CT total HI for the chld open space receptor in AOC3 is 0 0004 with respectwe 

dormnant pathway and COC bemg ingesuon of stream sediments and mercury (Table 6 140) 

6 6 3  Uncertainty Analysis 

Analysis of uncertmty associated with nsk esttmates is an important part of the nsk arsesslrmtnt process 

EPA guidance (EPA 1992b) states that pomt esumates of nsk do not furly convey the range of 
mformauon considered and used m developmg the assessment. The EPA has suggested the use of both 

RME and CT exposure scenanos tn order to provide upper (conservauve) and lower (less wnscrvauve) 

bounds on what the actual nsk may be Thu is an altemauve method of portraymg the unmtamty 

inherent m the nsk eshmates to p e x f m g  a more ume consurmng and expensive probabhstlc uncertamty 

analysis The RME esumates are to be used far nsk management decisions but a cornpanson to the CT 
eshmates prowdes a good esumahon of the uncertarnty associated with the decisions Quanatauve 
probablishc uncertarnty analysis was not performed m thu nsk assessment. The range between the RME 
and CT nsk esumates is a good in&cator of the uncerttunty mherent in the RME charactenzzuron 
Uncertmues idenufied d m g  the risk assessment process are discussed below 

Dunng the nsk assessment process there are essenually four stages of the analysrs that can mtroduce 
uncenatnues These stages are data collecuon and evaluaon exposure assessment, toxlcity assessment, 

and nsk charactenzauon The uncertamues withrn the HHRA are driven by uncertacnty m the ate 

investlgahon data, the hkellhood of hypotheucal exposure scenmos the transport models used to estunate 

concentrauons at receptor locauons receptor mtake parameters and the toxlclty values used to 

charactenze nsk Uncertamhes are also mtroduced m the nsk assessment when exposure to several 

substances across muluple pathways are summed 

The followmg secuons qualitatlvely discuss specific uncertamues inuoduced into the OU 5 HHRA Table 
6 141 surnames  the uncectatnues and limtauons m this "RA 
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6 6 3 1 POTENTIAL IMPACTS TO HHRA 

As discussed m Section 2 2 impacts if any that result from the collecuon of additlonal data dunng the 

TM15 field invesugation on the conclusions of the OU 5 HHRA must be assessed This secuon Qscusses 

an assessment of potenual impacts to the HHRA 

Tables 2 3 through 2 10 provide a summary of the results of the analyses of samples collected dmng the 

15 field invesugmon and those collected durrng the lnvesugauon outlmed m the OU 5 Work Plan (DOE 
1992a) The informauon provided on these tables was discussed m Sectlon 2 2 to assist ln assessmg 

whether the results of the TM15 field invesugmon impacted the conclusions of the HHRA As &scussed 
m Chapters 4 0 and 6 0 the data collected under the OU 5 Work Plan rnvesugation were aggregated bv 

each sample medum on an OU wide basis for comparison to background to idenufy PCOCs and 
subsequent COCs TMl1 COCs for "RA (DOE 1995a) demls the background comparison and PCOC 

and COC detemauons The purpose of h s  secuon is to compare the results of the samplmg program 
for each environmental medium sampled under TM15 with the results of the OU 5 Work Plan 

mvesugauon It should be recogmzed that many of the samples collected durrng the TM15 field 
mvesugauon were collected for purposes other than for the "RA (e g for charactenzauon of dmmmcd 

cuwngs and fluids) This assessment of the potenual for impact to the conclusions of the "RA was 

performed to ensure that the results of the HHRA represent the most conservauve esomates of nsk to 

human health 

Subsurface Soils Data for subsurface sod samples are provided m Tables 2 3 2 4 and 2 5 for metals 

radionuclides and orgmc compounds respectlvely As indcated on Table 2 3 the man concenuatlon of 
the combined OU 5 subsurface soil data set (mcludes samples collected pnor to and d m g  the 

implementahon of TM15) for several metals mcreased significantly relatlve to the mean concentrauon 

calculated previously for the HHRA using only those data collected plnor to the implemenmon of Th115 
A significant mcrease in concentratlons could result In a metal that was not previously idenufied as a COC 

m being idenufied as a COC usmg the larger data set. The apparent increased concentrmons of cesium 
selemum thallium and m can all be atmbuted to the increased repormg l d t s  provided ln RFEDS for 

the samples collected dunng the implementauon of TM 15 versus those reported for the pre TM15 
samples Each of these metals was detected at relauvely low frequencies therefore the lncreased 
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repomng l i m a  cause the mean to be skewed toward h e r  concentrauons (for nondetect results one 

half the reporting limt replaces the result for the calculauon of stahshcs) Th~s represents an apparent, 
rather than a real mcrease m concentrauons 

The mean concentratlon of lead also mcreased sipficantly from that reported prewously In addmon the 

maximum concentrauon of lead detected m subsurface soils mcreased from 935 mg/kg m the pre TM15 

data to 5 200 mgkg m a sample collected from one of the TDEM anomalies in the IHSS 133 area (Table 2 

3) The concentrauons of lead detected in subsurface soil samples from IHSS 115 collected dunng the 
TM 15 field mvesugauon are all w i b  the range of background concentrat~ons As discussed m Sechon 

6 6 3 2 the close associauon of hgh lead concentrations with waste m a t e d  idenhded dunng dnllmg m 
the ash pits (IHSS 133) mdlcates that the detected lead is not mobile in the sod or r e d l y  avmlable for 

human mtake and lead is not considered a sipficant conmbutor to the human health nsk associated with 

OU 5 

As mdicated on Table 2 4 the mean achvittes of mhonuclides m subsurfaa soils did not change 

appreciably from those calculated prevlously usmg only the pre TMl5 data. The most sipficant 

mcreases m both mean and =mum actlvitles occurred only for the uramumisotopes Eaoh of these 

isotopes was idenhfied as a COC m the OU 5 HHRA therefore an mcrease m concentrahons would not 
result in a change m the list of COCs for subsurface soils The mean and maxmum concentrauons for 

these isotopes are the same magmtude as those used for the "RA therefore the nsk CdculahOnS would 

not change significantly 

The followmg orgaxuc chermcals were detected m hghex concentrauons 111 subsurface sod samples 

collected dunng the implementahon of TM15 than m subsurface soil samples collected pnor to TM15 

(Table 2 5) bis(2 ethylhexy1)phthalate bromoform, butylbenzyi phthalate cholorform, &ethyl phthalate 

di n octyl phthalate and methylene chlonde Of these compounds only bis(2 ethylhexy1)phthalate and 
methylene chlonde were evaluated m the concentrauodtoxrcity screemg for the OU 5 "RA (DOE 

1995a) Butyl benzyl phthalate was evaluated by cornpanson to a risk based concentmon (RBC) m DOE 
(1995a) None of these compounds were determtned to be COCs for OU 5 m DOE (1W5a) 
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In order to evaluate whether the concentrauons of these orgamc chemcals detected in samples collected 

under the TM 15 field invesugauon would impact the conclusions of the HHRA a companson of the 

maximum concentrauon (both detects and nondetects) with the respecuve RBC was performed 

(Table 2 14) Although this companson is usually performed only for those compounds that are detected 

at a frequency of less than 5 percent it is used here for all of these compounds regardless of detecuon 

frequency as an mual mdicator of whether the results of the "RA may need to be reevaluated 

As mdicated on Table 2 14 the maximum detected and nondetected concenuauons for each of these 

orgmc chemcals in subsurface soils are sigmficantly less than thelr respecuve RBC In addmon for 
bis(2 ethylhexy1)phthalate and methylene chlonde the percentage of total nsk that would be associated 
with these chemcals at the mmmum detected concentrauons shown on Tabk 2 5 was recalculated for 
comparison to the concentrauodtoxicity screens presented in TM 11 COCs for the "RA (DOE 1995a) 

Even with the mcreased concentrattons both chemicals stdl represent zero percent of the total nsk factor 
noncarcinogenic and carcmogenic associated with subsurface soils 

In summary the subsurface soil data collected dunng the TM15 field mvesugauon do not mdicate that the 

conclusions of the OU 5 TM11 COCs for the HHRA (DOE 1995a) need to be reevaluated to mcorporate 

these data 

Groundwater. Tables 2 7 through 2 10 present summanes of data for groundwater samples collected 

dunng both the ongmal OU 5 Work Plan mvesugauon and dunng the TMl5 field program The following 

discussions only mclude data from unfiltered samples (I e 
because only total concentrauons are used m the HHRA 

total results) for metals and radronuclides 

As shown on Table 2 7 the mean concentrauons of most metals in the combmed OU 5 data set decreased 

from those calculated for the HHRA usmg only the data collected under the OU 5 Work Plan 

mvesugauon For those metals that were prevtously idenufied as bemg COCs this decrease m 
concentrauons could potenually result in one or more of these conshtuents no longer bemg idenufied as a 

COC However inspecuon of the data provided on Table 2 7 indxates that, although the mean 

concentrattons for these metals decreased the concentrattons are sull greater then the range of background 

concentrattons Addiuonally for all of these metals the highest concentrauon detected was m samples 

collected dunng the ongmal OU 5 Work Plan invesugauon Because the concenuauodtoxlcity screens 
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performed to determme COCs for the HHRA use the mmmum concentrmon for each constltuent the 

mclusion of the additlonal data would not affect the identlficauon of COCs 

The mean concentrmons of arsemc and thallium in the combmed data set are slightly hgher than those 
calculated for samples collected d m g  the OU 5 Work Plan mvesugauon As discussed above for 

subsurface soils an increase in concentrmons has the potentlal to result m a conshtuent that was not 

idenufied as a COC previously in bemg idenwied as a COC usmg the larger data set. Although the mean 

concentrauon for arsemc mcreased arsemc concentrmons m the samples collected dunng the TM15 
mvestlgatron are w i W  the range of concentrmons reported from the previous samphg program 
Adduonally the increased mean calculated for thallium is the result of the low frquency of detectton and 

the increased reporting limt for th~s consutuent. 

As dtscussed above for total metals in groundwater the mean total acuwtres of most radionuchdes m the 

combmed data set also decreased from those calculated usmg only samples collected during the OU 5 

Work Plan mvestlgmon (Table 2 9) In all cases the mean acuviues of those raonuchdw identtfied as 

COCs decreased slightly and the hghest acuvitres reported for OU 5 samples were from samples collected 

dunng the OU 5 Work Plan invesugmon Therefore it is unlikely that the slight decrease in mean 

actlvttres would result in these radonuchdes not bemg idenufied as PCOCs and subsequently as COCs 

using the larger data set 

The mean actlvttles for two radionuclides ceuum 137 and muum calculated usmg the combed data set 

mcreased from those calculated usmg only the data collected under the OU 5 Work Plan mvcsugatm 

Although the mean actlvitles for these radronuclides mcreased the acttvitres detected m both the OU 5 

Work Plan mvestlgmon data and the TM15 data are well withm the range of backgrouud concentmuons 

The data presented in Table 2 10 mhcate that a large number of orgamc compounds were detected m 
samples collected dunng the TMl5 field mvestlgauon that were either not detected or were detected at 

lower concentrmons m samples from the OU 5 Work Plan mvesugauon These compounds ~ l c e  idenhfied 

m Table 2 15 with a compamon of the maxlmum detected and nondetected concenrrmons with the 

appropnate RBC The maxtmum detected and nondetected concentrmons of most of these compounds do 
not exceed the residentlal groundwater RBC For those compounds where the maxllllum detected andor 

nondetected concentrattons exceed the RBC none of the concentrauons exceed 1 O00 trmes the RBC 
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Therefore according to the cntenon used in the OU 5 TM11 COCs for the HHRA (DOE 1995a) these 

compounds would not be considered special case COCs 

Three of the orgmc compounds included in Table 2 15 were evaluated in the concentrauodtoxrcity 

screens for OU 5 (DOE I995a) These compounds bis(2 ethylhexy1)phthalate & n butyl phthalate and 

naphthalene were not identlfied as COCs based on the data collected under the OU 5 Work Plan 

mvestigahon The percentage of total nsk that would be associated with these chermcals usmg the 

maximum detected concentrattons shown on Table 2 10 was recalculated for compmson to the 

concentrmodtoxicity screens presented in TM11 OU 5 COCs for the HHRA (DOE 1995a) With the 

higher concentrauons the percentage of total noncarcmogenic nsk attnbutable to these compounds did not 

change from that reported in (DOE 1995a) The percentage of the total camnogenxc nsk attnbutable to 

bis(2 ethylhexy1)phthalate increased from 0 03 percent to 0 07 percent Therefore even at the lugher 
concentrauons none of these compounds would be identlfied as COCs 

In summary the groundwater data collected d u n g  the TMl5 field mvesugauon do not mdicate that the 

conclusions of the OU 5 HHRA as presented m TM11 (DOE 1995a) need to be reevaluated to incorporate 
these data 

Surface Soils The acuwties of amencium 241 and plutonium 2391240 detected m the surfax sal 
samples collected &om IHSS 209 and the other surface disturbances d m g  the TM15 field mvesugauon 

were less than the maximum acuvitles reported prevtously for surface soil samples from OU 5 The 
concentrauodtoxrcity screens performed to idenufy COCs for the OU 5 HHRA were calculated usmg the 

lughest actlvity reported for the samples collected under the OU 5 Work Plan mvesugauon Because these 
concentratrodtomcity screens did not identlfy americium 241 and plutomum 239L240 as COCs at that 

ume (DOE 1995a) the mcluslon of addmonal data with lower acuvihes w d d  not change ths 

de temauon  Therefore the surface sod data collected dunng the TM15 field mvesugauon does not 

impact the conclusions of the "RA presented 111 this chapter 

6 6 3 2 Source Areas and Areas of Concern 

In the Surface Ilsturbance South of the Ash Pits soil was the only medium in whch PCOCs were 
detected These PCOCs consisted of two organic compounds and 26 morgmc compounds 5 of whch 
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were ra&onuclides The carcmogemc and noncarcmogemc ratro sums for h s  source area were calculated 

to be 0 82 and 0 45 respecuvely DOE 1994) Because the ratlo sums do not exceed one thrs source area 

was not considered an AOC and was not evaluated further 

Simlarly in the Surface Disturbance West of MSS 209 PCOCs were detected only m sod The detected 

PCOCs consisted of  three orgmc compounds and 25 morgmc compounds 5 of whch were 

radionuchdes The carcmogemc and noncarcmogemc ratlo sums for th~s source area were calculated to be 

2 2 and 0 42 respecuvely The carcmogemc rauo sum exceeds one because a smgle sample of 

plutonium 239/240 was greater than its RBC No other detected PCOC approached its respectwe RBC A 

rewew of  the data indicated that the -mum actmty of plutomum 239/240 was 5 01 pCdg and the RBC 
is 3 43 pCi/g Subsequent samplmg has not produced samples at this level of plutomum 239/240 actmty 

and in fact has yelded results lower than the RBC of 3 43 pCi As a result it was determmd that thu 

source area does not contnbute sigruficantiy to the nsk associated with OU 5 and was not quanumvely 

evaluated as an AOC 

6 6 3 3 Discussion of Analytes 

Nickel was detected 111 OU 5 soil however it was considered inappropnate to apply a CSF The only 

forms of nickel known to be carmogemc are mckel refinery dust and mckel subsulfide via the tnhalauon 

route (EPA 1994b) Based on hstmcal evidence the only mdicauon of mckel use at the Site is in the 

form of nickel carbonyl The llrmted toucity mformauon on nickel carbonyl m&cates that it is a probable 

human carcinogen however there is lnadequate data for human carcmogenxctty Therefore M) tomcity 

values or CSFs) are avarlable for r h ~ ~  form of mckel Nickel carbonyl is also hghly volatile at 

room temperature and r e d l y  decomposes 111 the presence of oxygen Because of its physical properties 

and the fate and transport charactenmcs of mckel carbonyl it is W k e l y  that any of th~s compound 

remams onsite after 20 years Therefore based on the research performed on this issue mckel was not 

considered a sigmficant contnbutor to OU 5 nsk and was not evaluated as a carcmogenrc chemical 

Lead was detected 111 surface sod subsurface soil and groundwater at OU 5 The maxtmum lead 

concentration was 129 mg/kg m surface soil 935 m a g  111 subsurface soil and 240 ug/L m groundwater 

The levels of lead detected m surface soil and groundwater are well below the EPA screemng level for lead 

m soil for residenttal land use of 400 ppm @PA 1994e) The highest concenaauon of lead detected m 
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make Based on the sampling data lead is not considered a sigorficant contnbutor to the human health 

nsk associated with OU 5 

Seven PAHs were idenufied as COCs III either surface or subsurface soil The CSM idenMied several 
potenual receptors that have a complete dermal pathway to these me&a however RAGS (EPA 1989) 

states It is inappropnate to use the oral slope factor to evaluate the nsks associated with dermal exposure 

to carcinogens such as benzo(a)pyrene whch cause slan cancer through a dmct acuon at the pcnnt of 

applicauon The PA- that are COCs m OLT 5 are benzo(a)anthracene benzo(a)pyrene 

benzo(b)fl uoranthene dlbenzo(a,h)anthracene fluoranthene Indeno( 1 2 3 cdhyrene and pyrene Demal 

exposure to these PAHs has not been quanufied however it does not appear that these chermcals 

contnbute sigmficantly to the overall nsks to the receptors that would potenually have dermal contact 

with surface and subsurface soil 

6 7  RADIATION DOSE CALCULATIONS 

Total radiatton doses for one year of exposure (expressed as total Effechve Dose Eqwvalent [EDE] m 
mredyear) were eshmated for receptors exposed to radionuclides in soil ~LLT and other medla by 

mgesuon lnhalatton and external inadimon pathways The esumated doses are compared to DOE 

radiahon standards for protechon of public health also expressed in mredyr 
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6 7 1  Methodology 

This section defines the terms used m esumamg annual radimon doses explams how the doses are 

calculated and descnbes the natlonal annual radiatlon protectlon standards that are used for companson to 

the calculated doses 

6 7 1  1 Definitions 

Dose Terms 

is the energy irnpartec. to matter by ionmng radimon per unit mass of imdmted matenal 

at the place of interest in that matenal The absorbed dose is expressed in mts of rad (or gray) (I rad = 
001 gray 1 

is the predicted total dose equivalent to a tlssue or organ over a %year 

penod after a lcnown mtake of radionuclide mto the body It does not include contributions from external 

dose Commtted dose equivalent is expressed in mts of rem (or sievert) 

0 is the sum of the comrmtted dose equvalents to vanous 
tlssues in the body each multlplied by the appropnate weighmg factor Comrmtted effechve dose 

eqwvalent is expressed m mts of rem (or sievert) 

is the product of absorbed dose m rad (or gray) in tlssue and a qual~ty factor Dose 

eqmvalent is expressed m units or rem (or sievert) 

Effective is the summation of the products of the dose equvaleat received by 

specified tlssues of the body and a tlssue specfic weighung factor This sum is a nskquwalent value 

and can be used to estlmate the health effects nsk of the exposed indwidual The hssuc specific weighmg 

factor represents the fractlon of the total health nsk resultlng from uniform whole body madmuon that 

would be contnbuted by the part~cular hssue The effectlve dose eqwvalent includes the comrmtted 

effecuve dose eqmvalent from internal depositlon of r&onuchdes and the effectme dose equavalent due 
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to penetratmg radmon from sources external to the body Effectme dose equrvalent is expressed m untts 

or rem (or sievert) 

is tlssue specific and represents the fracuon of the total health nsk resulmg from 
umform whole body madmuon that could be conmbuted to that part~cular ttssue The weighttng factors 
recommended by the ICRP (Publicatton 26) and used here are - 

Gonads 

Breasts 

Red Bone Marrow 
Lungs 
Thyroid 

Bone Surfaces 

Remamder' 

- 
0 25 

0 15 

0 12 

0 12 

0 03 

0 03 

0 30 
' Remamder means the five other organs with the hghest dose (e g hver hdney spleen, 

thymus adrenal pancreas stomach small mtesme or upper and lower large mtestme but 

excludmg slun lens of the eye and extremtles) The weighmg factor for each of these organs is 0 06 

is the pnncipal modlfyrng factor used to calculate the dose equvalent from the absorbed 

dose For the purposes of the Order the following quality factors whch are taken from DOE 5480 11 are 

to be used 

Q - w u x a m  
1 

- 
X rays gammarays 
positram and electrons 
(includmg mbum) 

Neutrons < 10 keV 3 

Neutrons >10 keV 10 
Protons and srngle charged 
pmcles of unknown energy with 
rest mass > one atomc mass u t  

Alpha Parucles 20 
Multtple charges pmcles 
(and pmcles of unknown energy) 

* For neutrons of known energies the more detruled quality 
factors gwen 111 DOE 5480 11 may be used 
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means the property or ehraetmc of radmaatn mwertal to spontaneously disintegrate 
with the emssion of energy in the form of radiauon The untt of r ~ o a c u w t y  is the cune (or becquerel) 

I 
6 7 2  Calculating Annual Radiation Doses 

I 
Annual radiation doses were determmed by selecung dose conversion factors and ca lcu lag  the 

I 
radionuclide mtake for each receptor and pathway The annual EDE was then calculated 

6 7 2 1 Selection of Dose Conversion Factors 

Radionuclide specific dose conversion factors for the CEDE were used in the calculauon of EDEs for the 

mgesuon and inhalauon routes of exposure Radronuchde specific dose conversion factors for the EDEs 

were used for the external inadiauon route of exposure These values were obtamed from EPA s 

Lirmung Values of Radionuclide Intake and Au Concentrauon and Dose Conversion Factors for 

Inhalauon Submersion and Ingesuon @PA 1988d) for the inhalatton and mgesuon route of exposure 

and from the Extemal Exposure to Radtonuchdes m Au Water and Soil (EPA 1993a) 

a For some radionuchdes dose conversion factors @CF) vary based on the chemcal species (e g oxldauon 

state or mterallzed form) of the radionuchde Differences in DCFs for the mgesaon route of exposure 

reflect differences 111 fracttonal uptake (f,) of radionuclide species from the small mtestme to blood Less 
soluble radionuchde forms have smaller DCFs than more soluble forms because the less soluble forms are 

absorbed to a lesser degree from the gastromtestlnal tract into the bloodstream (EPA 1988d) Smce the 

form of radionuclide is not known the most conservauve (or greatest f,) was used for the most 

conservatlve esumate of radionuclide intake via mgesuon Table 6 144 hsts the fracuonal uptakes and 

mgesuon DCFs (m Sv/Bq) for each radronuchde of concern 

DCFs for the lnhalauon route of exposure also vary based on the chemcal species of the radronuchde 

The different DCFs reflect the dfference in the rates that radronuclide speaes are cleared from the lungs 

Lung clearance rates are classified as days @) weeks (W) or years (Y) In general less soluble forms of 

the radionuclide are cleared from the lungs more slowly than more soluble forms Once agm the species 

of each radionuclide of concern is not known so the most conservauve lung clearance class was used m 
order to deterrmne radtonuchde make via mhalatton Table 6 144 hsts the most conservatlve lung 
clearance class and correspondmg mhalatton DCF (in Sv/Bq) for each mhonuclide of concern A check 
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was performed to ensure that the f value and the lung clearance class were compabble and that the 

combinauon gave the hghest combmed ingestton and tnhalauon CEDE 

October 1995 

For the external irradiatlon route of exposure the DCF is the annual EDE received (mredyr) from 

exposure to radiaon from each radionuchde present external to the body The radiaUon field IS assumed 

to be equal to the radiauon level at a &stance of 1 meter (m) above the ground surface The DCFs for 

external radiatlon exposure from surface soil were taken from an EPA report (EPA 1993a) and are hsted 

m terms of mredyear per pCi/gram 111 Table 6 144 

6 7 2 2 Ingestion and Inhalation Routes of Exposure 

For the inhalatton and ingestton routes of exposure annual make of rdonuchdes expressed m pCdyr is 

first calculated uslng the following equauon 

In&& (PCUyaai) = C x IR x EF 

Where 

C = Acttvity concenvatlon at the exposure pomt (pCdg pClh or pCdm3) 
IR = Intake rate (mg/day Uday m'/day) 
EF = Exposure frequency (daydyear) 

Exposure factors used in calculatmg annual rahonuclide intake for specific rectptors and pathways are 

identlcal to the exposure factors used in the lntake equauons in Secuons 6 4 2 1 through 6 4 2 6 The 

annual intake of each rdonuclide m pCdyear is multtplied by the CEDE DCF (mredpCi or Sv/Bq) from 

Table 6 144 to esmate the CEDE for one year (mredyear) 

6 7 2 3  External Irradiation 

For the external mdatton route of exposure a concenttauon in soil (pCi yr/gram) is calculated wmg the 

following equatlon 

pc'-yr) = C x ED x EF, x (1-SI) x TI 
gmm 

AC ( 
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Where 

C 
ED 
EF 
Se 
Te 

= Mass acuvity concentrmon at the exposure point (pCdg soil) 
= Exposure Duratlon (1 year) 
= Exposure frequency ratlo (unrtless) 
= Gamma shieldmg factor (unitless) 
= Gamma exposure factor (wtless) 

The concentrmon of each radionuchde m soil (m pCi yeadgram) is muluplied by the 
dose conversion factor for external radmon (mredyear per pcdgram) (Table 6 144) to esumate the 

annual EDE (mrem) for each radionuclide 

6 7 2 4  Estimating Annual Radiation Dose 

The sum of CEDES from all radionuchdes taken into the body in a year added to the EDEs for al l  

radionuclides external to the body is compared to radtahon protecuon standards whch also reflect thts 

SUm 

Annual radimon doses were esttmated for all receptors and exposure areas The results are summanzed e 
(Tables 6 145 through 6 146) and compared to radiauon protecuon standards 111 the followmg secuons 

6 7 3  Radiation Protection Standards 

DOE Order 5480 11 Radmon Protecuon for Occupauonal Workers limts radiahon exposure of 

radiological workers to 50 mSv/year (5 OOO mredyr) DOE order 5400 5 Ftachation Promon of the 

Public and the Envuonment, limts the annual radiatron dose limt for members of the public to 1 

mSv/year (100 mredyear) for all routes of exposure The occupauonal hmt for general employees (I e 

those not considered to be rdolopcal workers) may be 100 mredyear to 5 OOO m d y e a r  dependmg on 
employment cucumstances However general employees who have not completed Rao1ogm.I Worker I 

or I1 T r m g  are not pemtted unescarted access to any area 111 whch they are expected to m v e  doses 

111 excess of 100 mrem m one year General employees who have not received R;bdtolog~cal W o r k  I or II 
Trming are not normally expected to exceed 100 mrem in a year These values are for radmon doses 

received in addibon to that from natural background radimon (U S average background radiation is 
approximately 300 mredyear NCRP 1987) and that received from routme medrcal treatments (v S 
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average is appromately 50 mredyear NCRP 1987) Background levels m the Denver area are 

esttmated to range from 350 to 700 mredyear these levels are htgher than the nauonal average because of 
hgh levels of radmm thonum, and radon m nahve rock and soils and because cosmc rdauon exposure 

mcreases with mcreased altttude (NCRP 1987) 

6 7 4  Point Estimates of Annual Radiation Dose 

Annual radmuon doses in terms of mredyear were calculated for onsite receptors m AOC1 AOC2 and 

AOC3 Results are summanzed m Tables 6 145 through 6 147 

6 7 4 1  Future Construction Worker 

Radionuchde exposure pathways evaluated for the current worker weze 

Ingestton of surface soil 

Ingestton of subsurface soil 

Inhalatton of aubome parucle 

External Irrdauon from subsurface soil 

The future construction worker is a poteaual receptor m AOCl and AOC2 As &scussed m SecUon 

6 6 2 1 the constructron worker receptor is not a receptor tn AOC3 The total annual tadmuon dose for the 

consmchon worker 111 AOCl is 7 1E-02 mredyear for the CT exposun conchbon and 3 6E-01 

mredyear for the reasonable maxlmum exposure (RME) condlttons (Table 6-145) The total annual 

radiatton dose for the constructron worker m AOC2 is 3 1E 02 mredyear for the average (CT) exposure 

conditton and 1 3E-01 mredyear for the Rh4E conduon (Table 6 146) These values are below the DOE 

limrts for radlological workers (5 OOO mredyear) and members of the public (100 redyear) 

6 7 4 2  Current Worker (Security Worker) 

Wonuchde exposure pathways evaluated for the current worker were 

Ingesbon of surface soil 

Inhalation of aubome parttcles 

External madman from surface soil 
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The future consmcuon worker IS a potenual receptor m AOCl and AOC2 and not m AOC3 The total 

annual dose for the current worker in AOCl is 1 8E 01 mredyear for the CT exposure condmons and 

5 4E 01 mredyear for the RME conditlons (Table 6 145) The total annual rdahon dose for the current 

worker in AOC2 IS 3 2E 02 mredyear for the average (CT) exposure conchbon and 9 9E-02 mremlyear 

for the RME condmon (Table 6 146) These values are below the DOE limts for rdological workers 

(5 000 mredyear) and members of the pubhc (100 redyear) 

6 7 4 3 Future Ecological Researcher 

The future ecological researcher is an applicable pathway for all AOCs However AOC3 pathway vaned 

from AOCl and AOC2 pathways due to the tuque nature of AOC3 

Radionuclide exposure pathways evaluated for the ecologcal researcher in AOCl and AOC2 were 

Ingeshon of surface so11 

Inhalabon of anborne pmcles 

Ingesuon of seep sedments 

External irradratlon from surface sod 

Radionuclide exposure pathways for the ecological researcher m AOC3 were 

Ingesuon of pond seQments 

Ingesuon of stream sedrments 

Ingesuon of surface water 

The total annual dose for the future ecological researcher m A X 1  IS 1 9E-01 mredyear for the CT 
exposure condmons and 2 6E-01 mredyear for the RME condiuons (Table 6 145) The total annual 

radiauon dose for the ecological researcher m AOC2 is 6 2E 02 mredyear for the average (CT) exposure 
conditlon and 5 9E 02 mredyear for the Rh4E con&uoa (Table 6 146) The total mu81 dose for AOC3 

was estlmated as 4 1E 02 rnredyr for the CT condrtlons and 1 3E 01 mredyear for the RME conditlons 

These values are below the DOE limits for rdological workers (5 OOO mredyear) and members of the 

public (100 redyear) 
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6 7 4 4  Future Off ice Worker 

The future office worker is a potenhal receptor in only AOC1 and AOC2 The office worker is not an 

applicable receptor m AOC3 Radronuclide exposure pathways for the office worker were the same as for 
the current worker The total annual dose for the office worker m AOCl is 1 6E-01 mredyear for the CT 
exposure condhons and 3 2E-01 mredyear for the RME condmons (Table 6 145) The total annual dose 
for the future office worker 111 AOC2 is 2 5E 02 mredyear for the average (CT) co&hons and 9 9E-02 

for the RME conduons (Table 6 146) These values are below the DOE limts for radiological workers 

(5 OOO mredyear) and members of the pubhc (100 redyear) 

6 7 4 5 Future Open Space User 

Radionuchde exposure pathways for the adult recremonal user were the same as for the ecological worker 

The total annual dose for the adult receptor m AOCl is 1 7E-02 mredyear for the CT exposure condrtions 
and 6 OE 02 mredyear for the RME con&hons (Table 6 145) Annual doses for the adult user rn AOC2 

is 3 3E 03 mredyear for CT exposure condmons and 1 3E 02 mredyr for RME wn&hon (Table 6 146) 

The rdonuclide exposure pathways for A X 3  were the same as the AOC3 exposure pathways for the 

future ecological researcher The total annual dose for the adult fecremonal user m AOC3 is 4 8E 03 

mredyear for CT con&hons and 2 5E 02 mredyr for RME exposure co&uons (Table 6-147) These 
vaiues are below the DOE Iimts for r&ological workers (5 OOO mredyear) and members of the public 

(100 redyear) 

Radionuclide exposure pathways for the chld open space user m AOC 1 and AOC2 were 

Ingeshon of surface soil 

hgeshon of seep sedtments 

The total annual dose for the chld receptor m AOCl is 6 2E-03 mrem/yr for CT condrhons and 6 2E 02 

mredyear for RME exposure condhons (Table 6 145) The total annual dose for the &Id open space 

user m AOC2 is 1 7E-03 mredyear for CT exposure conhtlons and 5 8E-02 mredyear for RME 
condihons The ra&onuclide exposure pathways for the chld receptor m AOC3 were the same as those 

for the adult open space user The total annual dose for the chld open space user m AOC3 IS 9 6E 03 
mrexdyear for CT con&hons and 4 8E 02 mredyear for Rh4E exposure conchhons (Table 6 147) 
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6 7 5  Summary of Results 

Annual radiauon dose calculauons were performed for six onsite receptors m AOC 1 and AOC2 Annual 
radiauon dose calculauons were performed for 3 onsite receptors (ecologcal researcher adult and chld 

open space users) in AOC3 Dose conversion factors for radionuclide mgesuon mhalauon and external 
lrradiatlon are listed m Table 6 144 Results are provided 111 Tables 6 145 through 6 147 

Exposure pathways evaluated were soiYsediment mgesuon mhalauon of pmcles from soil mgesuon of 
surface water (AOC3 only) and external irradmuon from surface sod Addmonal pathways evaluated for 

the future ecological researcher and future open space user (adult and chld) 111 AOC3 were mgesuon of 

pond sediments and mgesuon of stream sediments 

Total annual radiauon doses for all receptors 111 all AOCs were less than 1 whch falls below the DOE 
limt of 100 mredyr for members of the public and mdcates that exposure to radmuclides 111 OU 5 IS 

negligible 

6 8  RISK ASSESSMENT SUMMARY 

The results of the rlsk and health effect calculauons for all apphcable receptors and pathways are 

summanzed in Tables 6 142 and 6 143 The greatest total estlmated nsk was for the current worker m 
AOC 1 and is 3E 05 The driving pathway is exposure to external radmon and the dormnant COC IS 

urmum 238 The greatest total esumated noncarcinogemc health effect was for the current worker m 
AOCl and is calculated to be 7E-02 The d n m g  pathway is dermal absorption of surface sod and the 

domnant COC is Arwlor 1254 in surface soil 

Although the lughest calculated risk is sUU wthm the Natlonal Oil and Hazardous Substances PoUutlon 
Conungency Plan (NAP) target nsk range of 1E 06 to 1E 04 some add~honal receptors and locauons are 

menuoned here for comparison The total RME estunated nsk for a future office worker m AOC 1 was 

calculated to be 3E 05 and the current worker m AOC2 was esumated to be 4E 06 The esumated RME 
nsk for a future open space user in AOCl is 4E-06 a future office worker tn AOC2 is 4E-06 and an 

ecological researcher m AOCl is 1E 06 All other receptors and respecuve pathways had total RME nsb 
esumated to be less than 1E 06 Respectwe total CT esumated risks for the current worker at AOCl and 
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the future office worker at AOC1 were both calculated to be 2E 06 No other CT nsk esmates exceeded 

1E 06 

Because RME total nsk and RME HI esumates did not exceed 1E 04 and w t y  respecttvely a 

quanutauve u n c e m n  analysis was not completed Qualitawe discussions of uncertsunty are contatned 

111 Sectlon 6 6 3 and a summary of the uncertaxnues and Iimttatlons is contamed m Table 6 141 

Uncertanues 111 h s  nsk assessment are due to u n c e m u e s  111 the nsk assessment process m general 

specific uncertaxnues 111 charactenzing the site and the uncertamhes and Imtauons speclfrc to h s  

assessment In general health protecuve assumpuons were used such that the magnitude of human health 

risks are expected to be less than those calculated even with errors due to uncertamty m the approach 

This process bounds the plausible upper limts of nsk and facilitates an mformed nsk management 

decision Informauon regardmg the u n c e w t y  in quanufyng lntakes toxicological and carcmgenrc 

response creabihty of fume exposure scenanos and the maptude of background nsks will be used 
by the nsk manager for regulatory decision malung 
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Uncertainty Factor 

Data Collectton and Evaluabon 

1 Effoct of Uncubinty Conrmonb 

Use of unvalidated data 

Idenbficabon and sewon of OU 5 
PCOCs and COCs 

Selecbon of source amas and AOCs 

Arsenc was not consldemd a PCOC VI 
groundwater pondsedrments and 
stmam sedrments. 

Pond sediment data co#echon 

t 

May slightly over or underesttmate 
nsk 

May slghtly over or underesttmate 
nsk 

May sllsMly undemsbmab nsk 

May sltghtty undemsbmate nsk 

May sllahtly underestunate nsk 

When available and appmpnate 
unv%dated data was replaced mth 
valldeteddata Unvakdabddaraused 
are colwstmt mth pmous 
measuremOrdb and should only sltghUy 
affectriskestimatea Subsequent 
evakeUon of ths valfdation resub for 
wwaldrbddatawedmtheHHRA 
mdkatesglllfnolmpactstothe 
cacIcklsK## of the "RA m d t  (see 
Secbon4 11 



TaMe 6 141 (Continued) 

Exposure Assessmerd 

Exposure x e m o  assumpbons May over or underestunate nsk Expasun sc8mnos are qualitalively 
evaluated and documented in the OU 5 
&mre Assessment TM 

~ ~~~~ ~ ~ 

Exposure parameter assumpbons May slghtly over or underestunate 
nsk 

Chemical specific matnx effects May overesbmate nsk. 

Nickel evaluated as a noncarunogen 
only 

May underesbmate nsk 

Dermal exposure May over or undmsbmate nsk 

Toxlaty Assessment 

C n W  toxlcfty values denved pnmanly 
from arumal studtes. 

hrby over or underestmata nsk 

C n W  toxlclty values denved pnmanly 
from tugh doses and OU 5 exposums 
are at low dosea 

May over of underesbmate nsk 

Cntical toxtctty values and clesslfication 
of caanogens. 

May over or underesbmate nsk 



Table 6-141 (Continued) 

i 

U s e  of cancer slope factors May oversstmate nsk Potencresafuupper95thpe~le 
, con~mItmtts c o n s l d e m d ~ k ~ t o  

undmsbmab hue nsk 

Un-mty Factor 

Lack of dermal absotpkn or direct 
actlon toncity values 

Effct of Unmtainty Commontn 

The unava~iab~llty of consensus 
absotpbon values does not facilitate 
companson of abbohed dose to bmty 
constents basedon admmistemd dose 
Dermal abscrrpbon of metals is expected 
t o b e ~ w h e n c o m p a m d b  
ingmtion ConstmwtthRAGS dermal 
absotpbon of PAHs IS not quanbtatrrely 
evaluated 

Lack of 
PCOCS 

toncdogrcal data for some 

W b o n  of nsks acmss wght-of 
evidence clawficabons. 

May underestunate nsk 

May oversstunate nsk 

No EPAsastmd toxiaty cnterfa am 
pmdd for bem(g h r)peryIwm 
dberwfurcur lead 2 
me- phenanthrsln 
sdicon and1 1 1 tfkhbroethane 



Table 6-142 
Summary of RME Point Estfmatss of C8rcfnagorik Rhk 

Receptor/Location Total 
Risk 

Dominant 
COC 

Dominant Pathway 

Future Construction 
Worker AOC 1 

4E 07 uranium 238 ingestion of surface soil and 
external radiation 

Future Construction 
Worker AOC2 

8E 08 uranium 238 Ingestion of surface soil 

Current Security Worker 
AOCl 

3E 05 uranium 238 External radiation 

Current Securlty Worker 
AOC2 

4E 06 uranium 238 External radiation 

Future Ecological 
Researcher AOCl 

1E 06 uranium 238 External radiation 
~~ ~ 

uranium 238 Future Ecologi cal 
Researcher AOC2 

External radiation 2E 07 

Future Ecological 
Researcher AOC3 

2E 08 plutonium 
2391240 

Ingestion of pond sediments 

Future Office Worker 
AOCl 

3E 05 uranium 238 External radiation 

Future Office Worker 
AOC2 

4E 06 uranium 238 External radiation 

Future Open Space User 
AOC1 

4E 06 uranium 238 External radiation 
~~~~ ~ ~ 

Future Open Space User 
AOC2 

~ 

uranium 238 External radiation BE 07 

Future Open Space User 
AOC3 

4E 08 plutonium 
239/240 

Ingestion of pond sediment 



Table 6143 
Summary of RME Point Estimates of Noncarcinogenic Hazard Indices 

Receptor/Location Total 
HI 

Dominant 
COC 

Dominant Pathway 

Future Construction 
Worker AOCl 

4E 02 Aroclor 1254 
~~ 

Ingestion of subsurface soil 

Future Construction 
Worker AOC2 

1E 02 ant im ony Ingestion of subsurface soil 

Current Security Worker 
AOCl 

7E 02 Aroclor 7 254 Dermal absorption of surface 
soil 

Current Security Worker 
AOC2 

5E 04 copper Ingestion of subsurface soil 

Future Ecological 
Researcher AOC 1 

4E 02 Aroclor 1254 
~~ 

Dermal absorption of surface 
soil 

Future Ecological 
Researcher AOC2 

2E 02 antimony Ingestion of seep sediments 

Future Ecological 
Researcher AOC3 

4E 03 mercury Ingestion of stream sediments 

Future Office Worker 
AOCl 

5E 02 Aroclor 1254 Dermal absorpt~on of surface 
soil 

Future Office Worker 
AOC2 

5E 04 Ingestion of surface soil 
~~ ~~ ~ 

Future Adult Open Space 
User AOC 1 

~ ~ ~~ ~- 

Dermal absorption of surface 
soil 

1E 02 Aroclor 1254 

Future Adult Open Space 
User AOC2 

3E 03 antimony Ingestion of seep sediments 

Future Adult Open Space 
User AOC3 

BE 04 mercury Ingestion of stream sediments 

Future Child Open Space 
User AOCl 

4E 02 antimony Ingestion of seep sediments 
- 

3E 02 
~~~ ~ 

antimony 
~~ ~ _ _  ~~ 

Ingestion of seep sediments Future Child Open Space 
User AOC2 

7E 03 mercury Ingestion of stream sediments Future Child Open Space 
User AOC3 
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conrtnrcttom worker 
Ingeshon of surface soil 
Ingestion of subsurface soil 
Inhalabon of mborne partrculatea 

14E-02 7 4E-02 
9 3E-03 4 9E-02 
1 OE-03 1 lE-03 

External irrabhon from subsurface soil 7 lE-03 8 8E-03 
Total 3 lE-02 13E-01 

cutrent worker 
Ingeshon of surface soil 
Inhalabon of mrborne partamlatea 

1 lE-02 64E-02 
4 9E-03 5 6E.08 

External irracbataon from surface mil 16E-02 3 OE-02 
Total 32E-02 9 9E-02 

E c O ~ 8 l W o r k e r  
Ingesbon of surface soil 4 8E-02 3 5E-02 
Ingemon of seep seduaentr 3 3E-03 1 lE-02 
Inhalabon of avborne p a r t ~ d a t m  243-03 24E-03 
External irrahabon fram surface sod 8 5E-03 1 lE-02 
Total 62E-02 5 9E-02 

m w o r + a r  
Ingesbon of surf- mil 5 6E-03 6 4E-02 
Inhalation of aulmrne part~culatam 3 7E-03 5 6E-03 
External i d a h o n  fnrm surhce~ aod 16E-02 3 OE-02 
Total 2 5E-011 9 9E-02 

opcPm---mw 

Ingesbon ofseep ndnnent. 3 9E-04 1 sE-03 
Inhalabon ofamborne partttculata 2.2E-04 94E-04 
Externalirmdm&ion&om d m  soil 1 4E-03 35E-03 
Total 3 3E-03 L3E-02 

Ingestaoa of surhm d 13E-03 64E-03 

open--u- l- 
Ingesbon of surface soil 13E-03 5 SE-02 

I Ingestion of seep sedrmenta 3 9E-04 2 3E-03 '. Total 17E-03 SSE-02 



Table 6 145 
Sumrrtug of Annual Radiation Dore for AOCl - 

Central Tendency h o n a b l e  Manmum 
Pathway (mredyr) (mredn) 

Constmction Worker 
Ingestion of surface soil 6 5E 02 3 5E-01 
Ingestion of subsurface soil 2 5E 03 13E-02 
Inhalataon of airborne parhculates 2 lE 03 2 3E-03 
External irradiatxon from subsurface soil 16E 03 2 OE-03 
Total 7 lE 02 36E 01 

Current Worker 
Ingestron of surface soil 5 3E 02 3 OE-01 
Inhalahon of mrborne partdates  1 OE 02 1 lE-02 
External irrahatxon from surface soil 12E-01 2 3E-01 
Total 18E-01 6 43-01 

Ecologicll worker 
Ingestron of surface soil 
Ingestion of seep sedunents 

12E-01 17E-01 
16E-03 5 OE-03 

Inhalabon of mrborne parhculates 5 OE-03 5 OE-03 
8 lE-02 External irrahatxon from surface soil 

Total 19E-01 26E 01 
6 53-02 

oface worker 
Ingestron o f  surface soil 
Inhalahon of mrborne parhculates 

2 6E-02 3 OE 01 
7 6E-03 1 lE-02 

External irrahataon from surface soil 12E-01 1 lE 02 
Total 16E-01 3 2F4-01 

Open Space -Uaet (a) 
Ingestxon of surface soil 
Ingestion of seep sedmenta 
Inhalabon of avborne partactdater 

6 OE-03 3 OE-02 
18E-04 9 lE-04 
4 6E-04 19E-03 

External irra&ataon fram surface soil 1 lE-02 2 7E-02 
Total 17E-02 6 OE-02 

Open Space Recreational User (Wd)  
Ingestaon of surface soil 6 OE-03 6 OE-02 
Ingestion of seep sedunenta 18E-04 18E-03 
Total 6 2E 03 6 2E-02 



Table 6 147 
Summary of Anntrul Radiation Dore for Aocs 

Central Tendency Reasonable Maumum 
Pathway (mremlur) (mredyr) 

Ecological Worker 
Ingestion of pond secfiments 2 6E-02 8 4E-02 
Ingestaon of stream sdments 14E 02 4 6E-02 
Ingestaon of surface water 9 6E-05 8 2E-04 
Total 4 lE-02 13E-01 

Open Space Recreational Uaer (adult) 
Ingestion of pond sdmenta 3 lE-03 15E-02 
Ingestaon of stream secbments 17E-03 8 4E-03 
Ingestion of surface water 1 OE-04 1 OE-03 
Total 4 83-03 2 5E-02 

Open Space Recreatioml Uaer (child) 
Ingestion of pond sediments 6 lE-03 3 lE-02 
Ingestaon o f  stream sedmenta 3 4E-03 17E-02 
Ingestaon of surface water 17E-04 343-04 
Total 9 6E-03 4 8E-02 



ConrtnrcttoP worker 
Ingesbon of surface soil 
Ingestion of subsurface sod 

14E-02 7 4E-02 
9 3E-03 4 9E-02 

Inhalabon of avborne partIdatea 1 OE-03 1 lE-03 
External irrahtaon from subsurface soil 7 lE-03 8 8E-03 
Total 3 lE-02 13E-01 

cutrent worker 
Ingestaon of surface soil 
Inhalabon of amborne partadatas 

1 lE-02 64E-02 
4 9E-03 5 6E-03 

External irrahabon from surface soil 163-02 3 OE-02 
Total 323-02 9 9E-02 

E c O l q # c a l W ~  
Ingestaon of surface soil 4 8E-02 3 SE-02 
Ingestaon of  seep sedunentr 3 3E-03 1 lE-02 
Inhalataon of &me partrculatsa 24E-03 24E-03 
External irradlataon fnwr surface, am1 8 5E-03 1 lE-02 
Total 62E-02 6 9E-02 

OmCeWorter 
Ingesbon of surface soil 5 6E-M 64E-02 
Inhalahon of anborne p9rtrcuiatm 3 7E-03 6 6E-03 
External irradxatton fram r&w -11 1 6E-02 3 OE-02 
Total 2 5E- 99E-02 

opcrrsP---(rQI10 
Ingestaon of surfmo d 1 3E-03 64E-03 

3 03-04 1 9E-03 
2.2E-01 94E-04 

Ektemal irraQstion hnn surhce, 8011 14E-03 3 SE-03 
Total 3 3E-03 1 3E-02 

optnsm---u.= I- 
Ingestaon of surfiwe soil 13E-03 66E 02 
Ingestion of SWR sebmento 3 9E-04 2SE-03 

I. Total 17E-03 58E-02 
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7 0 ECOLOGICAL RISK ASSESSMENT FOR THE WOMAN CREEK 
PRIORITY DRAINAGE 

The ecological nsk assessment (ERA) for the Woman Creek Pnonty Dramage is summarized rn 

this sectlon ER4s for the Walnut Creek and Woman Creek watersheds were combmed and 

results presented in a smgle report (Append= N) The ERAS represent the ecologcal pomons of 
the baselme nsk assessments associated with the RFT/RIs for OUs 1 2 4 (in part) 5 6 7 10 (m 
part) and 11 ERAs were fonnerly planned for each OU and prelunmary ecological field 

investlgatlons were conducted on that basis The resultmg analyses fulfills the reqlllrements of 
Attachment 2 Sectlon Vm Interagency Agreement 

The combined ERA was conducted based on recent agreements among the EPA CDPHE and 

DOE The agencies agreed that it is ecologically more appropriate to conduct the ERAS for each 

watershed Thw scale is more relevant to ecological receptors because they are not communed 

by the admimstratwe boundanes associated wth the OUs ERAS are now requued for four 

areas (1) the industrial aredprotected area ( M A )  (2) the Walnut Creek watershed (3) the 

Woman Creek watershed and (4) offsite areas includrng Great Western Reservou Standley 

Lake and Mower Reservolr The ERA accompanymg th~s report addresses ecological risks 

from contammant sources m the Walnut Creek and Woman Creek watersheds with the Site 

boundanes but outside of the IA/PA 

An ERA is requved to support the Comprehensive Environmental Response Compensahon and 

Liabihty Act (CERCLA) Record of Declsion or the Resource Consemahon and Recovery Act 

(RCRA) Correctwe Actron Decision for any of the OUs withm the areas mentxoned above 

Sectlons withtn CERCLA mclude statements that both human health and the envuonment must 

be considered when assessmg nsks associated with releases from hazardous waste sites Also 

the Natlonal Contmgency Plan (NCP) specifically states that an enwonmental evaluatxon must 

be performed to assess threats to the environment (40 CFR Part 300 430 [e][2][i][G]) dunng the 

overall process of assessmg the need to remediate a hazardous waste site The Interagency 

Agreement (IAG) negotlated among DOE EPA and CDPHE states that one objectwe of the 
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RFVRI is to provide data to estabhsh the baseline nsk assessment for human health and the 

environment for the OU The methodology used here evaluates the lrkelihood that adverse 

ecological effects are occumng or may occur as a result of exposure to one or more chemical 

stressors (EPA 1992d) 

7 1 SUMMARY OF ECOLOGICAL RISK ASSESSMENT METHODOLOGY 

An ecological nsk assessment methodology (ERAM) for the Site was developed to support nsk 

management decisions for indmdual OWs The approach used is consistent with a screenmg level nsk 

assessment appropnate for sites where ecological effects have not been observed but contarmnant levels 

have been measured and can be compared with concenvauons considered protecuve of ecolopcal 

receptors The Site E M  draws fkom DOE and EPA pdance and ERA tools developed at Oak hdge 

Nauonal Laboratory ( O m )  and the Savannah Rwer Site (DOE 1993k 1993b EPA 1992d 1994f 

Norton et a1 1992 Opresko et a1 1994) 

The ERAM is documented m three technical memoranda (TMs) 

ERA TM1 Assessment Endpomts (in preparahon) 

ERA TM2 Sitewide Conceptual Model 

ERA TM3 Ecological Chemcals of Concern (ECOCs) Screening Methodology 

The ERA TM 1 is currently in preparauon and will provide sitewide gudance on developmg assessment 

endpoints the ecological resources to be protected and the objecuves of the assessments specific 

assessment endpoints and ObjeCUVeS for the Walnut Creek and Woman Creek ERA are idenufied m 
Appendix N Secuon N4 

The ERA TM2 (DOE 19950 describes ecological components of the site that are potenually affected by 

contarmnauon and presents baselme assumpuons and parameter values used m exposure estimates and 

nsk charactenzauon The following m f o m o n  was mcluded in the ERA TM2 

Descnphons of the key ecologrcal features of the Site includmg vegemon wtldhfe aquatlc 
organrsms and protected species 
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Summanes of  exlsung sitewide momtonng programs 

Exposure pathway models whch descnbe the contarmnant transport and exposure mechantsms 
important in evaluaung exposure of ecological receptors to the chemcal stressors at the Site 

Selection cntena for the idenuficauon of key ecological receptors 

General exposure parameters for key receptor species 

The ERA TM3 (DOE 1995g) descnbes a phased approach to idenufy ECOCs the enwonmental 

contammants that are the focus of  nsk charactenzatlon Tier 1 screenmg consisted of identlfymg 

contmnants w i h  each source area that were detected at levels above background concentrabons This 

was done using a statlsucal methodology developed specifically for the Site The resuit of Tier 1 was a list 

of PCOCs that was further screened m Tier 2 and Tier 3 using ecotoxlcity mtena. Tier 2 and Tier 3 

screens each reqmred esumates of exposure for the key ecological receptors at the Site Methods used III 

Tiers 1 2 and 3 screemng are explamed m detsul m Appenhx N (SecUon N3) The watershed ERA 

focused on idenuficauon and charactenzauon of ECOCs because chemcal stressors are usually of greatest 

concern for ERAS conducted as part of CERCLA invesugauons (EPA 19940 

7 2 PRELIMINARY EXPOSURE AND RISK SCREEN 

An mud step in conductmg the watershed ERAS was to evaluate contarmnant dwtnbmon and identlfy 

ECOCs Th~s evaluatton requued screemng level exposure and nsk estunauons usmg data collected 

dunng RFYRI acuviues and sitewide enwonmental momtonng programs The screen corresponds to the 

prelimary exposure and nsk calculauon step of the EPA procedure for conductmg ERAS at Superfund 

sites (EPA 1994g) 

The purpose of the sitewide ERA is to provide tnfonnatlon that is useful for both evduatmg ecological 

nsk on a watershed basis and makmg decisions regarding remehal act~ons assoc~ated with the mdvldual 

OUs and IHSSs withm them. Therefore ecologcal nsks were esumated for dsthct subareas of each 

watershed called ERA source areas whch were idenufied by groupmg IHSSs based on OU locatlon and 

c o n t m a n t  sources (Figure 7 2 1) Source area boundanes were detemmcd based on abiouc and biouc 

samphng locauons h k s  were quanufied for each source area separately and thev contnbutlon to overall 

nsk in the watershed was d e t e m e d  

I 
I 

concentrauons represent an ecotoxlcological 

%=zLz-s&& .-A 

1 The pnmary ObjecUve of  the ecotoxlcity screen is to evaluate exposures to detmnme if the chermcal 

1 threat The risk was evaluated by companng site exposures 

I 
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to toxicity reference values (TRVs) or benchmark exposures that if exceeded could result m adverse 

effects TRVs were denved to represent the No Observed Adverse Effects Level (NOAEL) for sublethal 

systemc and reproduchve effects The approach to denvauon of TRVs is descnbed m TM3 Specific 

uses of TRVs for the watershed ERAS is presented rn Appendu. N Secuon N3 2 6 

Occaber 1995 

Assistance 111 developing TRVs was solicited from other sites in the DOE complex and associated 

acadermc insutuhons Site specific ecotoxrcological benchmarks were denved usmg methods developed 

at Oak mdge Nahonal Laboratones (ORNL) (Opresko et al 1994) Toxicologsts from Clemson 

University and radioecolopsts from Oregon State Umversity and Argonne Nauonal Laboratory conducted 
extensive hterature searches for the remmung PCOCs and developed prelirmnary benchmarks Life 

hstory mformauon on representame species found at the Site was obtamed from EPA (19938) or 

scienufic hterature and documented by in the ERA TM2 (DOE 19950 

f isk was esumated by companng the site exposures to TRVs usmg the hazard quouent (HQ) approach 

(EPA 19940 The HQ is the rauo of the site exposure versus the TRV (exposure - TRV) The hazard 

rndex (HI) IS the sum of mdividual HQs for mdiwdual chemcals and was used to appmxrmate cumulauve 

nsk in an area (DOE 1995g) TRVs and exposures were based on calculatmg effects on md~ndual 

organums Thls approach was taken because the most reliable methods for e smamg exposure and 
effects are indwidual based Extrapolatton to populat~ons or commuruues was quahtative and bascd on 
area of affected habitat quality of resources and species specific behawors 

a -  
I 

ECOC screens were conducted for three wide rangrng species (coyote mule deer and red taded hawk) and 

four receptors with more resmcted home ranges (limtmg species) k s k  for wide rangmg species was 

negligible no HQs or HIS were greater than 1 ECOCs were idenbfied for hmtmg speclcs and aquat~c 

receptors that may spend all or most of then t~me m small areas and therefore are 111 more fresuent 
contact with contarmnants ECOCs wefe identrfied by source area and receptor type and mcluded metals 

radionuclides and orgamc compounds (Table 7 1) Cumulauve nsks were idenhfiexi based on HIS (Figure 

7 2 2) 

7 3 PROBLEM FORMULATlON AND RISK CHARACTERIZATION 1. 

The preltmrnary nsk screen idenufied ECOCs based on chemical concenuauons m abiotic and biouc 
media and comemauve assumpuons concernmg exposure and toxicity The remaurder of the ERA focuses 
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on further charactenzauon of ecological nsk from exposure to the ECOCs Specific objecuves and the 

approach for nsk charactenzauon are descnbed in problem formdauon (EPA 19940 

7 3 1 Problem Formulation 

The nsk charactenzauon has two mam goals (1) refine nsk esumates through use of less conservauve 

and more realisuc assumpuons and charactenze rematlllng uncertamty and (2) idenhfy areas chermcals 

and media contnbuung to nsk Where feasible gudance for developmg cleanup cntena protecuve of 

assessment endpoints was also provlded Where appropnate exposures and nsk were summanzed by 

watershed OU and MSS to tud m nsk management and remediatlon decisions 

Consematwe assumpuons were used in the Tier 3 screen to improve efficiency of the screen or to account 
for uncertamty in exposure or toxrcity esumates Conservatlve assumpt~ons were selected to minrmlze the 

probability of underesumaung nsk so that mcertatnty would be biased m only one duecuon @PA 19940 
Refinement of nsk esumates involved use of less conservauve assumphons andor site data on duect 

measurement of toxlc effects to reduce uncertamty In most cases a combmauon of data types was used m 
a weight of ewdence approach to nsk charactenzatlon 

The nsk charactenzauon for each of the ECOCs mcluded the followrng achwhes (1) reline exposure 

esumates to more accurately reflect site condmons includmg bioavtulabdity contammint dtstnbumn 

and frequency and durauon of exposures (2) refme toxicity esumates based on more specific evaluauon of 
contarmnant forms and potenual tomcity (3) review site data to determme if pmhcted effects were 
manifested (4) if appropnate extrapolate effects on individuals to eshmrta effects to the Site populaUons 

or commutles and (5) idenufy charactenze and rank sources of uucemnty and identify data needed to 

further refme esumates 

The nsk charactenzauon focused on the potenual toxic effects of ECOCs on five ecological receptor 

groups 

1 Aquauc life 
2 Aqumc feedmg birds 
3 Terrestnal feedmg raptors 
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4 Small mammals 

5 Vegetauon commumues 

These receptor groups were selected based on results of the ECOC screen presented m Appendix N 
Secuon N3 either because potenual toxlcity from ECOCs was idenufied or because avsulable data were 

inadequate to conclude that nsk was neghgible 

Assessment endpoints and specific objecuves of the nsk charactenzauon were idenufied for each resource 
1 

category and presented in Appendix N Table N4 1 Assessment endpomts are explicit expressions of the 

enwonmental values to be protected (Suter 1989 and EPA 1992d) The purpose of assessment endpornts 
m h s  phase of the watershed ERAS was to focus the nsk charactenzauon on potenual exposures to 

ECOCs and the specific effects that may result The potenual for exposure and toxlcity was established m 
the Tier 3 screen In most cases the specific effect is defined by the toxicological endpomts on whch the 

TRVs were based Most of these endpomts were based on chronic sublethal or reproductive effects that 

were not measured at the Site Results of toxicity testmg or other measurements of effects were avsulable 

for some groups and were used where appropnate 

For each receptor group assessment endpornts exposure pathways and specific goals and objecuves are 
idenufied and descnbed in Appendlx N Secuon N4 Where appropnate a workmg null hypothesis 

was defined to help guide analysis and evaluauon of uncemty  

7 3 2 Risk Charactertzation 

The nsk charactenzaon was completed using quahtatrve and quantitauve approaches descnbed rn the 

problem formulmon step In some cases the evaluahon focused on assessmg the adequacy of data used m 
exposure calculauons In other cases more accurate or quanhtatlve methods were used to esumate 

frequency or durauon of exposures 

Specific measurements of metals radionuclides and PCBs ul. biota were avadable for evaluatmg 

exposures and food web transfers These data were rehable indicators of exposure (Suter 1993) and were 

also used to evaluate potenual impacts to upper level consumers from ECOCs accumulated m forage or 

prey However for other ECOCs the nsk charactenzatlon was largely conducted without the benefit of 
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samphg and analysis specifically designed to evaluate effects of ECOCs Results of nsk charactenzauon 

are demled m Appendix N and summanzed IU the following subsecuons Analyses of potenual effects on 
aqumc life for the watersheds were combmed Evaluauon of effects on terresmal biota are &scussed for 

the Woman Creek watershed Risks are summartzed by receptor group ECOC and ERA soufcc areas m 
Table7 2 

7 3 2 1  Summary of Risks to Aquatic Life 

The pre lmary  nsk screen was based on compansons of chemcal concmtrauons m sedrments and 

surface w a r  to TRVs denved from the literature or calculated usmg methods recommended by EPA @PA 
1992d) The screen identlfied several ECOCs m sdments but none for surface water S m u t  ECOCs 

Included \ olaule and semvolaule orgmcs PCBs and metais 

The magmtude of sdment  HQ and HI values for some sites m Walnut Creek suggested a h~gh level of 

toncity to benmc orgarusms especially m the A and B senes ponds fixthest upstream and closest to the 
IA of the Site HQs exceeded 100 for some chemcals at these sites as shown m Appenb N Figure N5 
5 PAHs were the mam contributors to nsk esumates at most sites 111 Walnut Creek, accounung for 90 

percent or more of the HI m ponds A 1 and B 1 fisk estrmates were much lower 111 the Woman Creek 

watershed where HIS were below 3 no HQ exceeded 2 6 

The nsk levels predicted by the HQ and HI calculmons were vedied usmg results of s e b n t  tomcity 

tests and site data on benthic commmty smcture If esumates of potenual toncity (1 e TRVs) and 

exposures were relatlvely accurate then the extremely wde range of HI and HQ values should correspond 

to varymg levels of toxlcity to test organtsms and impacts on bentiuc commu~llt~es Physical stresses such 

as fluctuaung water levels and the presence of organtsms m upper m p h c  levels (e g fish) represent 

confoundmg factors m th~s analysis However d toxlcity is an important factor m conmllmg benthrc 

commu~~tv structure then results should mdicate some level of correlahon between pre&c&ed toxlcity 

(I e HIS or HQs) and level of rmpacts 

Cornelmons were evaluated usmg cluster analysis and regression methods Clwter analyses (Ludwg and 

Reynolds 1988) were conducted to detenntne d groups of sites with slmtlar commwty composruon (e g 

total orgaxusm density and species nchness) also had simlar HIS or HQs Regression methods (Sokal and 
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Rholf 1968) were used to estimate if the proporuon of  vanauon in commumty structure could be 

explamed by differences in HIS 

Results mdicate that predicted toxlcity accounts for some of the variauon 111 commwty composiuon but 

other factors are clearly important. Groups that were idenufied by cluster analvsis based on densrty 

richness and polluuon tolerance were not simlar to those idenufied when the same analysis was 

conducted using Ms However differences m HIS accounted for about 50 percent o f  the vmauon m rank 

order of ponds with respect to nchness Results of sediment toxicity testing inhcated sipficant toxicity 

in only Pond B 2 but this pond did not have the hghest HIS 

These results suggest that although toxicity tests do not show robust toxicity effects o f  sediment 

contammauon may be manlfested m the benthic community structure of the detenuon ponds However 

other factors such as size fluctuaung water levels and the presence or absence of upper trophc levels are 

also important Potenual toxlcity of  sediment contamtnants parucularly PAHs may be unportant factors 

m Iimting aquauc commwues if physical stress was reduced through a change m management o f  the 

ponds 

It should be noted that the ponds were constructed to mtnimze offsite transport of contarmnants 

especially radionuclides in sediments and surface water The presence o f  PAHs and metals m sediments 

are in part a result of runoff from industnal areas and input from the wastewater trearment plant The fact 

that sehment contarmnant concentrattons decrease dramaucally with distance downstream mdicates that 

the ponds are effecuve m attenuattng offsite transport of sediment bound contarmnants 

7 3 2 2  Summary of Risks to Aquatic Feeding Birds 

Sediment contarmnauon in ponds streams and wetlands may also affect wildlife that 

feed in contammated areas ECOCs idenufied for aquauc feedmg wildlife I I ~  OU 5 tncluded PCBs 

(Aroclor 1254) mercury and anumony Great blue herons and mallards were identified as representatwe 

receptors because birds are more sensitwe to many contarmnants than mammals Analyses used 111 the nsk 

charactenzation are descnbed in Appendx N Secuon N4 3 The following subsecttons provide more 

d e a l  on methods and present results Because the analysis approach differed by chemcal results are 

presented separately for each ECOC 
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Aroclor 1254 was identrticd as an ECOC in the 903 Pad ERA source area, pnmatlly due to concentrauons 

detected m sed~ments m the SID The mual risk calculauons were based on estimates of PCB uptake by 

aq-c biota, because no tlssue data were avadable for the site hual uptake est~mates were based on 
potenhal bioconcentrauon of PCBs from mtershhal water When compared to actual data from the B 

ponds this method greatly overesumated tlssue concentrauons 

Therefore potenual nsk from PCB exposure was further evaluated usrng data from B ponds to establish 

site specific uptake rates for accumulatlon of PCBs from se&ments Thls mformauon was then used to 

idenufy sedment PCB concentrahons that would result in exposures qual to or less than the TRVs and 

thus be protectlve of aquat~c birds These critena were based on parutmmng of PCBs between lipid m 
biota and orgamc carbon m sediments The cntena vary wth the intensity of site use and complexlty of 
food chams (see Appendix N Table N5 10) The most resmctlve cntena are associated with the hqhest 

level of site use and longest food cham Avatlable data on PCB concentrations m sediments were then 

compared to the mtena 
I 

Data on total organrc carbon m sedlment from the SID were not avarlablc However the maxunum 

Aroclor 1254 concentranon detected m bulk sediments (0 26 m&) was below the average 
concentrauons m sedments of Pond A 3 which represented neglipble mk even If aquauc feedmg buds 

obtatned all of theu food fiom there Thus sedrrnents of the SID do not appear to represent a nsk to 

aquauc feedrng buds 

1 
Mercury was idenMied as an ECOC m the C Ponds and the On- Landfill source 

areas Mercury was identrtied as a PCOC m sod groundwater stream sedrments and pond sedrments m 
OU 5 (see Appemh N Table N5 11A) In each source area, mercury was included as an ECOC because 
of measured or calculated concentraaons m fish ussues 

Mercury was detected m 2 of 13 (15 percent) fsh collected from Pond C 1 (see Appendix N Table NS 
11A) The maxl~tllllll detected concentrauon (0 47 mg/kg) was greater than the average dietary 

concentrauon (0 027 mg/kg) consrdcred safe for great blue herons (opnsko et al 1994) and corresponds 

to an HQ of 17 Mercury was identified as an ECOC for the Old LannBIl source atea based on the 

eshmated bioconccntratton m fish hssue calculated from the -mum detected concentration m surface 
water 
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Mercury was detected m less than 50 percent of samples from all abiot~c medra ln OU 5 except pond 

sediments (see Appendix N Table N5 11A) Therefore pond sediments are probably the pnmary source 

for uptake of mercury by fish However onlv 15 percent of fish collected from Pond C 1 contam 

detectable quantiues of mercury It is possible that the two samples with detectable quantlues may have 

had sediment tn the gasuointesunal tract when analyzed 

Actual risks to great blue herons from mercury ingesuon are probably less than mdicated by tbe HQ of 17 

because this value was calculated usmg the -mum detected mercury concentrmon ~ L I  fish and assumed 

that the herons obmn all of theu food from Pond C 1 Although Great blue herons rem frequently to 

feeding areas they could not use a pond the sue of C 1 exclusively Thus the exposure calculaon 

probably overesumates both the exposure pomt concentrauon and the frequency of exposure 

Anumony was identified as an ECOC based on incidental mgesuon of sedunents 

from Woman Creek The HQ of 1 6 was based on 100 percent site use by herons m the sectton of Woman 

Creek in the Old Landfill source area. This segment of Woman Creek IS s e a s o d y  mtemttent and 

supports a mlnimal fish populauon Herons have not been observed ln h s  area, although they have been 

sighted at Pond C 1 It is unlikely that a heron would use thrs segment of Woman Creek to the extent 
necessary to exceed an HQ of I 

7 3 2 3  Summary of Risks to Ternstrial Feeding Raptors 

Chrormum lead mercury and vanadium were detected m terresmal arthropods from OU 2 at 

concentrauons that could be toxlc to raptors feedlng extensively in the areas Ammcan kestrels were 
selected to represent ecological receptors because they have relatrvely small home ranges and are known 

to breed at the Site 

The prelimnary nsk eshmate for cbromum 111 terrestnal arthropods from OU 2 was based on the 

maximum detected concentrauon from the East Trenches source area. Chromum concentrauons m 
terrestrial arthropods from the 903 Pad area were esumated based on data from the East Trenches Thus 
data were inadequate to accurately estimate exposures However revlew of the OU 2 data suggests that 

the maximum concentrauon was anomolously hgh and that its use overestrmates nsk. The mean 
chromium concentrauon m OU 2 soils was not elevated compared to background and chromum was 

tncluded in the PCOCs because of two samples that exceeded the background mm The OU 2 source 
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areas represent a small w o n  of the mesic and xenc mxed grassland habitat type at the Site Thus 

exposure to chromum m OU 2 does not appear to represent a sigmfkant ecological nsk to kestrels given 
the low magmtude of the exposures probable overeshmate of exposure and relauvely small area 

involved 

7 3 2 4  Summary of Risks to Small Mammals 

Prelirmnary nsk eshmates in&cated little risk to small mammals from mhalation of orgmc contarmnants 

volahhzmg from subsurface soils IIUO burrow a~ fisk was evaluated for populat.ions of more common 

species and mdiwduals of Preble s meadow jumpmg mouse a speaes of specral c o r n  at the Site 

Toluene exceeded the EEC for exposure of small mammals to burrow a u  m areas of OU 2 that are known 

to contam burred waste or contarmDated sod (see Appendtx N Table N5 16 Figure N5 18) Inhatatran 

TRVs were avsulable for only six other orgamc PCOCs (see Appendut N Attschmt 6 Table 9) sod 

concenvauons for these compounds did not exceed TRVs At the tunc t h ~  report was prepared adequate 

mformauon on respuatory tomcity was not avadable for most of the orgaxuc PCOCs found m sods and 
mhalahon TRVs could not be set. Revlew of exismg mformabon m IRIS (EPA 1994b) indicates that 
EPA is currently developmg reference concentrahons (RfCs) for some of the compouada Respuatory 
exposures were eshmated for a l l  orgamc PCOCs whch are presented m Appendix N Attachment 6 Table 

9 

Toluene lrntates mucosal membranes of the eyes and respvatory tract at very low cmmnmns (EPA 

1994b) Therefore anunals may avold areas of contammated soil whea COlUltNCdII(I burrows, furtuitously 
reducrng theu exposure However tot purposes of ttus study w) avodmce behavior is assumed and all 

areas exceedmg the EEC are mduded m Append~x N Figure N5 18 

Areas m whch toluene exceeded tk EEC were idemfied m g  T h i ~  poiygcma These areas covered 

approXlmately0 31 ham the 903 Pad mas and 0 27 ham the East Trarchw arm All of the a&ctad 

p o l y g o ~  he wtthh OT adJaCent to ~ S S  (SM A ~ ~ X I C I I X  N F i g ~ n  N5 18) This Sugsests that nsk8 to 
burrowmg mmals from toluene expcwurc m OU 2 may be resmctcd to the pfimary contamtnant soutcc 
areas However nsk h m  orgamc PCOCs without TRVs remat~ls unclear 

Areas impacted by toluene are fouud m the mesic and xenc nuxed grassland habitat types on the d g e  
between South Walnut Creek and Woman Creek (see Appendm N Figure N5 18) None of the areas 
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overlap with probable Preble s meadow jumping mouse habitat (see Appendix N Figure N5 18) The 

Thiessen polygons represent about 0 01 1 percent of the mesic and 0 088 percent of the xem grassland 

habitat types at the Site These percentages may be used as a rough esumate of the propomon of 

burrowmg habitat affected for more common species such as deer mce and prame voles that use the dner 
more upland areas of the site 

I 
i 

7 3 2 5  Summary of Risks to Vegetation Communities 

Results of the Tier 3 screen lndicated that several PCOCs exceed subsurface sod or sedment TRVs m 
several source areas (see Appendix N Table N3 23) Th~s group of chemcals mcluded mostly metals 

Concentratlons of organic PCOCs did not exceed TRVs (see Appendu N Attachment 6 Table 1) 

However TRVs were not avatlable for several orgmc compounds that were PCOCs for subsurface sod 

and sediments (see Appendix N Attachment 6 Tables 2 and 7 )  Subsurface soil data were not avalable 

for the OU 5 Surface Disturbance no HQs exceeded 1 for PCOCs in the OU 1 881 Hdlside or OU 2 East 

Trenches 

Chromum (7 9) nrckel(3 7) and zmc (3 0) all had HQs of 3 or greater in the Ash Rts source Bfea (see 

Appendix N Table N3 23) All other HQs for metals in subsurface soil were 2 or below Many of the 

TRVs for metals were equal to the Site background sod concentratlons because literature based toxrcity 
values were below the UCL,, for background Thus HQs greater than 1 m&cate concentratlons that 

exceed background Soil toxicity tests were not conducted using site soils However the nsk assoaated 

with HQ values near 1 is unclear because background concentrauons can vary by orders of magrutude As 
noted prewously areas of obvious vegetauon smss were not observed d m g  prebrmnary field surveys 

Thus the importance of these nsk estimates is not clear 

TRVs were not avatlable for most orgmc soil or sechment PCOCs HQs were well below I for orgmc 

PCOCs for which TRVs were avatlable However as with metals the potenad phytotmucity of most 

orgmc PCOCs was not quantlfied with plant tomcity tests 

7 3 2 6  Summary of Risks from Radionuclides 

Transurmc rAonuc1ides were identlfied as PCOCs for most OUs The ECOC screen indcated relauvely 
few areas with radionuclide concentratlons (acuvitles) m soils that exceeded TRVs Plutomum 239/240 a 
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and ameflcium 241 concentratrons 111 soils exceeded TRVs M two locauons m the 903 Pad source mas 

and uratuum 233/234 and urmum 238 concentrauons in soils exceeded TRVs at two locauons m the Old 
Landfill source area Rdonuchdes were also elevated in vegetatron and small mammals collected from 

ERA source areas 

The potenual nsks from radionuclide uptake by biota were evaluated by caldatmg the mtemal 

rdological dose and compamg it to the TRV The TRV was based on a benchmark value of 0 1 rad/day 

whch was idenufied by M A  (1992) as protecuve of biological receptors b u l b  indicated that 

maximum radtonuchde concentrauons measured m small mammals resulted m dose rates at least 1 OOO 

bmes less than the TRV The potentral uptake by predators was also evaluated and mchcated that nsks to 
predators were also not sigmficant Although abiohc me&a and biota contam elevated concentrations of 
transurmc rdonuclides the nsks of adverse effects appear to be negligible 
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8 0  PRELIMINARY EVALUATION OF REMEDIAL ALTERNATIVES 

Sectlon 5 7 of the OU 5 RFI/RI Work Plan (DOE 1992a) descnbes the process to be used for the 
development and scrcenIng of r e d d  altematwes for OU 5 The process to be employed to develop and 

evaluate alternatives for OU 5 is s d a r  to that descnbed m EPA s Guidancefor Conduetmg Remedm1 
Investigations and Feasrbilrty Studies under CERCLA (EPA 1988~) and as mandated by the IAG 
comphes with both RCRA and CERCLA gudance TIUS process uses the sltc-charactenzatloa data 

generated by the RFI/RI along with data generated under other mvvesttgahom such as frcatabdity sU&% 

to develop refine and select remedral altemahves apppnate for each IHSS where wntammtiun 1s 
present and remedtation is warranted 

The development and screenmg of rexmxhal alternauvea for OU 5 mll be conducted under the OU 5CMS/ 
FS program if a further acuon IS warranted. Two techcal memoranda wll be prepared under the CMSES 
program and will be lssued at a later date CMS/FS TM1 Development of Conrtctlvc4RcmxW ActlOn 

objectlves will prowde a desmpon of correctrvdre& -on objecttves based on chemcal and 
r&onuclide specific standards (when avadable) ate specific nsk related &ctofs and other cntena, as 
appropnate CMSES TM2 Dead Screemg of Alternatives wdl describe the evduabon remedial 
alternatrves applrcable to OU 5 agrunst the short and long term aspects of the following specific 
evaluation cntena 

Overall pmtecuon of human health and the enmnment, 
Compliance with ARARs 
Long term efftctrveness and permanence 
Redurnon of toncity mobhty or volume 
Short termeffectav- 
Implementabhty 
cost, 
statcacccptance alKl 

commurutyaccepulncc 

These cntena are descnbed in EPA (1988~) The llutlal two cntena are comdcred threshold criteria 
because these cntena must be sausfied before further consideratron of the remaixung cnm& The next 
five cntena are considered the pnmary cntena on whch the analysis IS baaed The final two criteria, state 
and commwty acceptance are addressed dunng the fhal declsion makmg process after completion of the 
CMSFS 
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9 0  PRELIMINARY IDENTIFICATION OF DATA GAPS 

Throughout the RFYRI process it is necessary to evaluate the avdable data to detcrnnne If they are 

sufficient to defrne the nsk associated with a site and to develop r e d d  a l m v e s  The observattonal 

approach employed for the OU 5 RFYRI allowed the data collected dunng each stage of the mvesttgatron 

to be evaluated and subsequent stages to be designed to ob- the data needed for asbessrng m k  (Le 

determmg the need for remed~al actlon) and for developmg remedral aitemahves A d d ~ U d y  the fEld 

program defmed by TM15 O E  1994a) was 111 large part, designed to obtain data needed for the 

evaluatron of r e d d  alternatives m the OU 5 CMS/FS For example the weal drrlling program 

at IHSS 1 W196 was designed to ob- data that are r e q w d  for an asse8sment of the stability of the 
slopes m h s  area m anttapatton that a lrkcly r e d d  alternattve for h s  area wdl be to stabdne the 

slopes and cover the area with a sod cap Also dunng the dnlling pmgrm at IHSS 133 to mvestigate the 

addhonal pits idenbfied by the TDW survey samples of ash were collected €iom MSS 133 2 for use LP. 

treatability studies 

At thls tlme the data collected under the Phase 1 RFI/FU at OU 5 are believed to be adequate for defixung 

the nsk assoc~ated with each of the IHSSs (Chapters 6 0 and 7 0) In addiUm that data are adequte for 
the development arid screexung of remaid alternatrves As the OU 5 CMS/FS prognsees additional data 

gaps may be identrfed, and data gathenrig programs will be developed to fill these gaps 
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10 0 SUMMARY AND RECOMMENDATIONS 

October 1995 

"his chapter summanzes the results of the OU 5 Phase I RFyRl and provldes recommcndmons for 
addiuonal mveshgauons that may be reqwred 

10 1 SUMMARY 

A Phase I RFI/FU of OU 5 was conducted as duected by the interagency Alyeement of 1991 The putpose 

was to assess the site physlcal charactensws chactenze contarmnant sources and the nahue and extent 
of potenttal contammatton m surface soil subsurface soil groundwater surface water sedunent, and 8u 

assess fate and transport of enwronmental contarmnants and esumate potenual nsks to human health and 
the envuonment from the idenufied contarmnants from the idenhfied contarmnants 

Field mvesugauons mhcate that the site physical charactenshcs are complex. Site rneteorolog~c 

geologic hydrologic and hydrogeologc condittons are mtcrmnnected and pride m4chawrms aad 

pathways for surface and subsurface COnShtuents to migrate through the enmnment, For example 

because most of the UHSU groundwater pathways discharge to surface water within OU 5 thus there IS 

limted potenual for mgrauon of VOCs to offs& locat~ons wa groundwater 

The nature and extent of enwonmental contammatton withm OU 5 have been charactenzed through the 

collecuon analysis and assessment of hundreds of samples of vmous environmental &a 

Envuonmental samples were analyzed for a comprehmve swte of chemicals to help characterize 

potenual contammahon assmated mth waste handlmg and dtsposal practrce% cond~ctui dunng the 

operahng hstory of Rocky Flats m the area of OU 5 The OU 5 data assemma process mciudmg 

ngorous data valtdatton, was designed to be co118eNBtlve to ensure a healthy protective and 

comprehensive understanhg of potenual ContauunatIon condthons m OU 5 

The results of the OU 5 data assessment m&cated the presence of PCOCs m surface soil subsurface soil 
groundwater pond seep and stream water and pond seep and stream se&ments PCOCs idenMcd m 
one or more of these enwonmental m d a  mclude VOCs SVOCs PCBa/patiucks metals and other 

morgaxuc consutuents mcludmg radronuclides The Phase I RFVRI rndicated that both the lateral and 

verhcal extent of the PCOCs are llmited The hrmted extent of PCOC mgration is due to the low 
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hydraulic conducuvihes the hydrogeologic settmg and the small amounts of highly mobile wastes 

disposed in OU 5 The list of PCOCs for each medium was then screened usmg nsk based and other 

screemng methods to idenufy COCs for both the HHRA and the ERA COCs were idenufied as the 

chermcals in each mehum that were llkely to contnbute at least 1 percent of overall nsk (incorporate 

ERA results when avadable) For the HHRA COCs were selected on an OU wide basis for the ERA 

the COCs were tdentlfied for the Woman Creek watershed In groundwater and surface water metals and 

rdonuclides are the pnmary COCs however 111 seep water the COCs are all VOCs The COCs 111 

surface soil and subsurface soil include uranium isotopes several metals PAHs and PCBs In all 

sedments rdonuchdes and metals are the only COCs 

The presence of COCs in all media is a result of histoncal releases to the enwonment Under the 

hydrogeochemcal condmons of OU 5 metals and radionuchdes are not expected to be very mobile via the 

groundwater pathway However several mechantsms of contarmnant transport are present, such as storm 

water runoff which may transport contammated sods to surface waters with subsequent transport to 

downstream receptors The presence of COCs m stream seep and pond sedunents as a result of surface 

water transport of contammated surface soils to and along Woman Creek, supports &IS exposure 

mechmsm Fugmve dust emissions from OU 5 surface sods and dry sediments may also conrnbute 

contammated pmcdates to future onsite receptors Exposure to subsurface soils by fume omte 
constructlon workers may result from contarmnant urhalauon and ingesuon d m g  an excavatron 

The results of the OU 5 HHRA mdcate estlmated health nsks and annual radxatlon doses for curcent and 

future onsite receptors who could potentlally be exposed dlrectly or indmctly to COCs at, or released 

from sources in OU 5 Exposure scenanos that were evaluated involved a current mddusmal workex 

(secunty guard) a future industnaVoffice worker a future ecological researcher a future open space 

recreattonal user and a future construcuon worker Future onsite residenual receptoTs were not coudered 

111 the HHRA because future land use plans do not mclude residentlal use It was detennrned dunng 
"RA negouatlons with the regulatory agencies that health nsks to offsite receptors would not be 
addressed on an OU speclfic basts but would best be exammed on a sitewide basis 

For the "RA exposure media that were evaluated included surface soil subsurface soil outdoor and 

lndoor au stream seep and pond water and stream seep and pond sedments Groundwater was not 

evaluated as an exposure pathway because there are no current or future receptors 
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bsks were evaluated for three AOCs The Ongmal Landfiil (IHSS 115/196 Source Area) IS AOC No land 
AOC No 2 mcludes the Ash Plts (IHSS 133 Source Area) AOC No 3 mcludes the SID and the Pond C 2 
Source Area, Woman Creek and due Pond C 1 Source Area 

The nsk charactenzauon process combmes average and reasonable maxlmum esumates of exposure with 

upperbound esumates of toncity in order to yield consexvatwe (protectwe) eshmates of human health nsk. 
humates of human health nsk for average (CT) and RME condhons are prowdai so that nsk 

management decisions can be based on a range of potenual nsks for hfferent exposure scenmos 

The following are the major conclusions of the HHRA 

0 AOCl Cumulauve HIS were below 1 and RME cancer nsk esttmatts were 3E-05 or 
below for all receptors The maxlmum cancer nsk estuaate of 3E 05 for both the current 
worker (secunty guard) and the future office worker tbs nsk is sail w i t h  EPA s 
acceptable nsk range of 1E-06 to 1E-04 Extemai muhhon due to exposure of uramw~ 
238 m surface soil is the pnmary conrnbutor to tbs estimate of cancer nsk. 
AOC2 Cumulauve HIS were below 1 and RME cancer risk estmatcs were 4E-06 or 
below for all receptors The m m u m  cancer nsk esUmate of 4E-06 for both the cUmnt 
worker (secmty guard) and the future office worker h s  risk is at the low end of EPA s 
acceptable nsk range of 1E-06 to 1E-04 External madmtion due to expowre of uratllwll 
238 m surface sod i s  the pnmary contributor to tius estunatc of cancer risk. 
AOC3 Cumulauve HIS were below 1 and the RME cancer risk estmates were below 
EPA s pomt of departure of 1E-06 for both receptors Thee results mdicate that no 
adverse noncarcmgentc health hazards and neglipble cancer risk are expected for all 
receptors evaluated 

0 

0 

The ERA for Woman Creek was conducted for a q w c  and terresmal biotaexpowd to contarmnants m 
OUs 1 2 and 5 Assessment of ecolopcal nsks was based on evalwmg exposure of hologrcal receptors 

to PCOCs m des~gnated ERA source areas Source areas mclude mdmdual or groups of IHSSs withrn an 
OU and were based on abiouc and biotlc samplmg locations m and around MSSs A prelrxxunary exposure 

and nsk calculatton was conducted for PCOCs m source areas The analysis was conducted to estimate the 
conmbuuon of each PCOC and each source area to overall nsk m the watershed. Ecological chemicals of 
concern (ECOCs) were identified from p r e l i w  risk calculat~ons and evaluated further m nsk 

charactematton 

Ecotoxtcological risk to terresmal receptors m OU 5 was rrrrmmal Concentrattons (actrwttes) of urmum 

233/234 and mmum 238 m soils exceeded the nsk based screenmg cntena developed for the Site 
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However the cntena were exceeded m only two locauons both of whch are m the Old Landfill source 

area and whch represent a negbgible poruon of habitat in the watershed In addiuon mmmum 
concentrauons of radionuclides in small mammals were not associated with levels that exceed the 

benchmarks for safe radiologxal doses Thus nsk from exposure to mhonuchdes appears to be 

mtnunal 

The screemng level assessment also mdxated that concentrauons of mercury antlmony and Aroclor 1254 

could represent nsks to aquauc feedmg buds if they acquued all of theu food from the SI0 Pond C 1 and 

segments of Woman Creek However it is unlikely that buds would spend all of the hme m the areas of 

concern because the size and quality of habitat m these areas is madequate to support ther needs 

10 2 RECOMMENDATIONS 

The results of the HHRA support the conclusions that envuonmental contarmnahon withm OU 5 does not 

pose a threat to human health under the evaluated exposure scenanos Therefore remedimon of 
enwonmental medra to address nsk to hupau health and the environment IS not warranted In a h o n  

no further invesugauons are recommended 
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